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T o  M y  P a r e n t s  
A n d  B r o t h e r s
A general review on macrocyclic ligands with particular emphasis 
to dibenzocryptand 222 and dibenzo 18 crown 6 is given in the first
part of the thesis (Chapter 1). This is followed by an exhaustive
literature survey on the stability constants (hence free energies of 
complexing), enthalpies and entropies of metal cations with cryptands 
(dibenzocryptand 222, benzocryptand 222, cryptand 222) and crown 
ethers (dibenzo 18 crown 6, benzo 18 crown 6, 18 crown 6) in water
and in non aqueous solvents at 298.15 (Chapter 2).
The experimental part (Chapter 3) also includes a detailed des­
cription of the principles involved in calorimetry as well as the 
methods used for the calculation of reaction enthalpies.
Stability constant data for alkali-metal and silver cations with 
dibenzocryptand 222 in five dipolar aprotic solvents (N,N dimethyl- 
formamide, dimethylsulphoxide, acetonitrile, propylene carbonate and 
nitromethane) at 298.15 K are reported. These data are used to 
calculate the standard free energies of the complexation process 
involving metal(I) cations and dibenzocryptand 222 in the dipolar 
aprotic solvents. Free energy data are combined with enthalpy data 
obtained in this work in order to evaluate the entropies of complexa­
tion of these cations with dibenzocryptand 222 in these solvents.
A linear correlation previously shown for metal(I) cations and 
cryptand 222 in DMF, Me2SO, AN, PC and NM between entropies of 
complexing and entropies of solvation of metal(I) cations in dipolar 
aprotic solvents is also found for dibenzocryptand 222. The results 
obtained in this thesis provide further evidence that the complexation 
process with metal(I) cations and cryptands is mainly controlled by 
the state of solvation of the cation in the solvent.
ABSTRACT
Enthalpies of solution of dibenzocryptand 222 in the dipolar 
aprotic solvents are reported and the thermodynamic parameters for 
the extraction process in the water + nitromethane solvent system 
as described by
M+ (HO) + 22 2 (NM) + M+22 2 (NM)2 B B B B
are calculated (Chapter 4) .
Thermodynamic parameters of solution and transfer of dibenzo 
18 crown 6 are discussed with respect to corresponding data for 
dibenzocryptand 222. The transfer free energies of metal ion 
dibenzocoronates from water to a number of solvents are calculated 
and it is shown that, unlike cryptates, there is an interaction 
between the complexed cation and the solvent in metal ion dibenzo­
coronates in dipolar aprotic media. Thermodynamic parameters of 
complexation for alkali-metal and dibenzo 18 crown 6 in acetonitrile 
are reported. The complexation process seems to be enthalpically 
and entropically controlled (Chapter 5). Synthesis of crown 
compounds and heats of solution of 18 crown 6 carried out at 
several temperatures as well as ACp values in water are presented 
in Chapter 6 .
The work described in this thesis is mainly related to the use of 
the macrocyclic ligands known as dibenzo 18 crown 6 and dibenzocryptand 
222 as complexing agents for a series of univalent , mainly alkali 
metal ions, in non-aqueous media.Therefore, a general account on 
macrocyclic ligands followed by the work so far done with these two 
ligands will form the backbone of this introduction.
1. Macrocyclic Compounds
During the last twenty five years research in the field of co­
ordination chemistry involving macrocyclic ligands has grown extensively, 
this being mainly attributed to the synthesis of a large number of 
macrocyclic ligands which behave as coordinating ligands for metal 
ions. The development of the field of bioinorganic chemistry has also 
been an important factor in spurring the growth of interest in com­
plexes of macrocyclic compounds. Since then, it has been recognised 
that many complexes containing synthetic macrocyclic ligands may serve
as models for biologically important species which contain metal ions in
1-3macrocyclic ligand environments.
Among these are the cyclic polyethers or crown compounds synthesised 
4 5by Pedersen ' in 1967 and the macrocyclic ligands known as cryptands
6 —8synthesised by Lehn in 1969. Fig. 1 shows the most commonly used
macrocyclic ligands which are 18 crown 6 and cryptand 222. Substitution 
of two ethylene groups by two benzene rings on the structure of these 
ligands gives dibenzo 18 crown 6 and dibenzo cryptand 222, which are 
shown in Fig. 2.
I NTRODUCTION
Coordination compounds containing macrocyclic ligands have been
9known and studied since the beginning of this century. S.M. Jorgensen
(1837-1914) began his studies of the synthesis of such complex compounds
on the basis that metal halides and other salts could give compounds
with neutral molecules and that many of these compounds could easily be
formed in aqueous solutions.
9A. Werner (1866-1919) in his studies demonstrated that there were
profound stereochemical consequences of the assumption that ligands
around the metal occupied specific positions. Later, G.N. Lewis and 
9N .V. Sidgwick proposed that the formation of a chemical bond requires
the sharing of an electron pair (Lewis base), so this pair can donate
its electrons to a metal ion or other electron acceptor (Lewis acid).
.  10In 1960 Curtis synthesised a variety of coordination compounds con-
. . 11 taming macrocyclic ligands. In 1964, B.H. Busch reported the
isolation of species containing a tetrameric condensation product.
The importance of these compounds is their relation to species of
biological relevance.
4,5
In 1967, Pedersen reported a new series of macrocyclic compounds
which have the ability to function as complexing agents. He called
these compounds "Crowns". These compounds have the particularity of
containing a variety of ring sizes, a number of ether oxygens and
7 8substituent groups. In 1969, J.M. Lehn ' reported the synthesis of
macrocyclic compounds called cryptands. These compounds have the
ability to form stable complexes with a large number of cations.
12 .Cabbmes and Margerum m  1969 introduced the term "macrocyclic effect" 
because the greater thermodynamic stability of complexes containing
macrocyclic ligands when compared with those of acyclic ligands of
1 .2  H i s t o r i c a l  B ackground o f  M a cro c y c lic  Compounds
s im i la r  s t r u c t u r e .
1-3 Crown Ethers and Cryptands; Nomenclature
Since the development of the field of chemistry dealing with 
coordination compounds containing macrocyclic ligands, authors have 
sought simple abbreviations for the macrocycle compounds. Originally, 
trivial names often related to the name of the investigator who first 
synthesised the compounds, or nonsystematic abbreviations based on 
the structure or complete systematic name of the macrocycle were used.
N.F. Curtis in 1968 introduced a systematic approach for the 
determination of a macrocyclic ligand based on the ring size and degree
of unsaturation.
14 15D.H. Busch ' in 1972 modified and extended the scheme of\
Curtis. The principal modification was the use of locants for the 
positions of unsaturated linkages. These extensions involved the 
inclusion of the type and position of donors and substituents into the 
abbreviation. Also fully saturated macrocyclic were considered.
Since the discovery of crown ethers by Pedersen, a simple abbrevia­
tion based on the number and type of substituent groups, macrocyclic 
ring size, and number of potential donor atoms have been used for the 
identification of these compounds. For example, the commonly used 
abbreviation for dibenzo 18 crown 6 is in shortened form, DB18C6.
For the cryptands, names based on the number of cycles and the 
number and distribution of hetero-atoms on each hydrocarbon strand, have 
been derived. Thus, the name for cryptand 222 is related to the number 
of oxygen atoms on each strand on the bicyclic ligand. A systematic 
abbreviation could also be derived for many cryptands by describing
the system containing the ligating atoms as bicyclic or polycyclic 
systems.
Table 1. Some typical polyether crowns
Name Abbreviation
Dibenzo-12-Crown 4 DB12C4
Dibenzo-14-Crown 4 DB14C4
Dibenzo-15-Crown 5 DB15C5
Dibenzo-16~Crown 5 DB16C5
Dibenzo-18-Crown 6 DB18C6
Dibenzo-18-Crown 5 DB18C5
Dibenzo-19-Crown 6 DB19C6
Dibenzo-20-Crown 4 DB20C4
Dibenzo-21-Crown 7 DB21C7
Dibenzo-24-Crown 8 DB24C8
Dibenzo-30-Crown 10 DB30C10
Dibenzo-48-Crown 16 DB48C16
Dibenzo-60-Crown 20 DB60C20
Benzo-18-Crown 6 B18C6
12 Crown 4 12C4
14 Crown 4 14C4
15 Crown 5 15C5
16 Crown 5 16C5
18 Crown 6 18C6
20 Crown 4 20C4
21 Crown 7 21C7
Dicyclohexyl 18C6 DC18C6
T ab le  2 . Some t y p i c a l  c ry p ta n d s
Name Abbreviation
Cryptand 111 111
Cryptand 211 211
Cryptand 221 221
Cryptand 222 .222
Cryptand 322 322
Cryptand 332 '332
Cryptand 333 333
Monobenzo Cryptand 222 222 B
Dibenzo Cryptand 222 22 2
B B
4.5,16Pedersen suggested useful and descriptive trivial names for
his compounds. He proposed that the cyclic polyethers be called 
crowns and be identified by the following rules.
✓i) The number and total kind of substituent groups on the ring
ii) The total number of atoms in the ring
iii) The class name crown
iv) The number of oxygens in the ring.
According to the IUPAC nomenclature dibenzo 18 crown 6 , it is called 
(Fig. 2) 2, 3, 11, 12 dibenzo 1,4,7,10,13,16-hexaoxacyclooctadeca- 
2 ,11 diene.
In the case of cryptand 222 the IUPAC name is 4,7,13,16,21,24- 
hexaoxa-1,10 diazabicyclic 8,5,8 hexacosane.
6.
F ig .  1 . S t r u c tu r e s o f  18 crown 6 and c ry p ta n d  222.
O
o o .
o o
18 crown 6
c ry p ta n d  222
S tru c tu re s  o f d ib en zo  18 crown 6 and d ib en zo  c ry p ta n d  222
dibenzo cryptand 222
8 .
T a b l e  3  A p p r o x i m a t e  c a v i t y  d i a m e t e r s  i n  C r o w n  E t h e r s  L i g a n d s
Ligands Cavity Number of
Diameter A Binding Sites
14C4 1.2 - 1.5 4
15C5 1.7 - 2.2 5
18C6 2.6 - 3.2 6
21C7 3.4 - 4.3 7
9 .
T a b l e  4  A p p r o x i m a t e  c a v i t y  d i a m e t e r s  i n  C r y p t a n d
Ligands Cavity 
Diameter A
Number of 
Binding Sites
111 1.0
211 1.6
221 2.2
222 2.8
322 3.6
332 4.2 10
333 4.8 11
The discovery of macrocyclic ligands and the recognition of the 
importance of their complexes with metal ions have led researchers to 
investigate reliable methods for their syntheses.
Three different approaches have been mostly used for the synthesis 
of macrocyclic ligands.
a) Synthesis involving complex formation between macrocyclic ligands 
and metal ions.
b) In situ synthesis.
c) Synthesis which involves the formation of either the macrocyclic
ligand and/or the metal ion in the macrocyclic complex.
a) In the first approach a presynthesised macrocyclic ligand is made
to react with the metal ion in solution. The advantage of this approach 
is that isolation, purification and characterisation of the free ligand 
often present less practical difficulties than isolation, purification 
and characterisation of the metal ion complex. The ligand properties 
in the less polar solvents make spectroscopic techniques, mass spectro­
metry, NMR, commonly used for characterisation of the ligand much easier 
to be applied to the organic ligand than to the metal ion complex.
A further advantage of this approach is that the physical properties of
the ligand can be compared with those of the metal ion complex. One 
of the disadvantages of this approach is the low yields obtained for the 
final product.
b) The second approach involves the synthesis of the macrocyclic 
ligand in the presence of metal ions.
1 . 4  S y n t h e s i s  o f  M a c r o c y c l i c  L i g a n d s
This approach, which has been extensively used in the synthesis of 
many synthetic ligands, presents the advantage of an increase in the 
yield of the macrocyclic ligand by the addition of a metal ion during 
the course of a reaction* The improved yield is usually attained by 
the elimination or substantial reduction of side reactions such as 
polymerizations or the production of nonmacrocyclic products.
Another advantage of this approach is the possibility of selectivity 
by employing a metal ion with certain steric requirements. A dis­
advantage of the in situ approach is that the macrocyclic product is 
usually coordinated to the metal ion, and its removal from the metal ion 
is not always possible.
c) The third approach to the synthesis of macrocyclic compounds 
involves the modification of the ligand and/or the metal ion in the 
macrocyclic complex. Several macrocyclic ligands have been chemically 
modified, increasing the structure with (-CH^-CH -), benzo ring, bridges 
of oxygen, etc., thus giving the different kinds of crown ethers and 
cryptands known.
1.5 Structural Studies of Crown Ethers and Metal-Ion Complexes
Many of the cyclic polyethers are characterised by low melting
points. Therefore, these compounds cannot be studied by X-ray
diffraction techniques. The number of structures known for the un-
complexed ligands is very limited. Among the crown ethers with known
17 18structure are 18 crown 6 and dibenzo 18 crown 6 ' . These compounds
are characterised by elliptical rings with some of the oxygen atoms 
pointing outwards. It was found that in 18 crown 6, the ~0-CH2-CH2-0- 
subunits were not the same. The structures of complexes formed between 
18 crown 6 and sodium, potassium, rubidium, caesium and calcium
crown 6 complexes are those for rubidium and sodium dibenzo 18 crown
r 17,20 6 .
17Bright and Truter reported the X-ray crystal structure of the 3:2 
dibenzo 18 crown 6 rubidium complex, this being the first of the poly­
ether complexes analysed. It was found that the unit cell contained 
four molecules of 1:1 complex and two uncomplexed molecules of DB18C6. 
The rubidium ion was situated below the plane of the six oxygen atoms
as seen in Fig. 3.
> ■ 21Busch and Truter reported the crystal structure of the complex
formed between DB18C6 and sodium bromide. The crystallisation of the
complex takes place with two water molecules. One sodium cation
coordinates to eight oxygen atoms, six from the DB18C6 ligand and two
from axial molecules of water. The other sodium cation is coordinated
to seven oxygen atoms, one from a water molecule and six from the
ligand as shown in Fig. 4.
22 23 24 25Structural, kinetic ' and infrared studies indicate that
upon complexation with metal cations in solution, crown ethers underwent
conformational changes. The free ligands in solution exhibit a certain
degree of flexibility depending on several factors, among which are the
size of the cation, the cavity of the ligand, the charge density of the
metal ion, the type of anion involved and, indeed, the reaction
media. Complexes of varied stoichiometry are formed. Thus 1:1, 1:2,
2:1, 2:2 and, in some cases, 2:3 metal:ligand ratios have been found
for complexes formed between metal ions and crowns compounds.
It is claimed that if the size of the cation is equal or smaller
than the cavity of the ligand, 1 :1 complexes are formed in the crystal
state as well as in solution. It is believed that the oxygen atoms of
1 8  1 9
t h i o c y a n a t e s  '  h a v e  b e e n  r e p o r t e d .  K n o w n  s t r u c t u r e s  o f  d i b e n z o  1 8
F i g .  3
Fig. 4.
1 3 .
R u b i d i u m  C o m p l e x  w i t h  D i b e n z o  1 8  C r o w n  6
Sodium Complex with Dibenzo 18 Crown 6
O B r  
•  Na
O  H f y O
O  O
° c
Thus the cation can interact at its axial positions with the anion (A) 
or with the molecules of solvent (s) as shown below.
t h e  l i g a n d  a r e  a r r a n g e d  i n  e q u a t o r i a l  p o s i t i o n s  a r o u n d  t h e  c a t i o n .
©
For cases where the cation/ligand size ratio is lower than one, 1:1
complexes may be obtained. Distortion of the crown takes place in
order to accommodate the cation. 26 Folding of the ligand around the
27cation takes place m  two ways, namely "regular" folding
2 8
a n d  " t w i s t e d "  f o l d i n g .
1 5 .
©
Another possibility is the formation of bimetallic complexes, in which 
the unfolded cavity of the ligand contains two cations^'
Other types of complexes are those formed by.two molecules of ligand 
and one of the metal cation. These are known as "sandwich" structures.
31 29 30and caesium in solution and also in the solid state. ' "Club
sandwich" complexes as represented by
E x a m p l e s  o f  " s a n d w i c h "  c o m p l e x e s  a r e  c y c l o h e x y l  1 5  c r o w n  5  w i t h  p o t a s s i u m
have been found for rubidium complexed with DB18C6 and with a number of
crowns (DB18C6, DC18C6 and B18C6) complexed with the caesium cation in
31solution. Even though Frensdorff stated that generally 2:1 com­
plexes are found in cases where the size of the cation is larger than
32the cavity of the ligand, it has been pointed out by. Poonia that there
cyclic complexes. Therefore, the ion-cavity size concept is by no
means universal. The cavity size of a number of crowns and the ion
size of alkali-metal cations is given in Table 3.
Complexation of caesium cation with a number of crown ethers
(18C6, DB18C6 and DC18C6) in a number of solvents (pyridine, acetone,
propylene carbonate, acetonitrile, N-N dimethylformamide and dimethyl-
33sulphoxide) has been studied, using caesium 133 nuclear magnetic 
resonance. It was found that formation of both 1:1 and 2:1 ligand to 
metal takes place between these crown ethers and the Cs+ cation in all 
these solvents.
Since stability constants for 1:1 complexes differs from stability 
constants for the 2 :1 complexes, both complexation constants were 
determined. Interpretation of these data indicated that the chemical 
shifts are strongly dependent on the solvent in 1 :1 complexes, this 
not being the case for the 2 :1 complexes (sandwich complexes) where the
caesium cation is effectively shielded from interaction with the solvent.
34 +Smetana and Popov carried out NMR measurements with Li and a
number of crown ethers (12C4, 15C5 and 18C6) in water and in non-
aqueous solvents. Again, both complexes 1:1 and 1:2 (sandwich com-
Hhplexes) were observed for Li and 12C4 in nitromethane.
1.6 Structural Studies of Cryptands and Cryptates
35Three possible configurations have been postulated for cryptands. 
These configurations differ between each other according to the 
direction of the lone pair of electrons of the nitrogen atoms. If both 
nitrogen atoms in the cryptandfe structure are directed away from the 
centre cavity, an exo-exo configuration is given.
a r e  o t h e r  f a c t o r s  w h i c h  a r e  r e s p o n s i b l e  f o r  t h e  s t o i c h i o m e t r y  o f  m a c r o -
1 8 .
If both lone pair of electrons are directed towards the intramolecular 
cavity of the ligand, an endo-endo form is given.
If one lone pair is inside the cavity and the other lone pair is away 
from the centre cavity, an exo-endo configuration is given.
1 9 .
NMR studies have shown that these configurations exist in solution.
In the solid state the endo-endo configuration prevails, as shown by
X-ray crystallographic studies. 36
For cryptate complexes with metal cations, the ligands are in the
endo-endo form as shown by X-ray studies. The crystal structures of
a number of metal ion cryptates have been reported. The main contri-
36-44bution in this area is that by Weiss and Co-workers.
Although X-ray studies of caesium 222 ion-cryptate have shown
40that the cation is situated in the centre of the intramolecular cavity
(in spite that the size of this particular cation is larger than the
133 +cavity of the cryptand 222 ligand), solution studies of Cs 222
45 46complexes in a number of solvents ' have indicated the presence of 
two types of complexes at room temperature. These were called:
i) Inclusive complex in which the cation is enclosed in the cavity of 
the ligand
ii) Exclusive complex in which the cation is only partially enclosed
in the cavity of the ligand and therefore it is exposed to interaction
133with the solvent as shown by the Cs chemical shifts, which were found
to be solvent dependent. The equilibrium as represented by Popov et.
al
Jcs+ 0 222] ^  ^Cs+ c 222J 1 .1
Exclusive Inclusive
133is dependent on the temperature and at about ~ -100°C, the Cs
resonance appears to be solvent independent. Therefore, it was assumed
that the cation is enclosed within the cavity of the ligand.
These investigations were extended to study the interaction of
other cryptands such as cryptand 322 (cavity size larger than cryptand
222) and benzocryptand 222 (slightly smaller cavity than cryptand 222)
133with caesium in a variety of solvents. Cs NMR studies were carried
out in the -63 to -110°C temperature range. The results obtained by
Popov et. al have led these authors to conclude that for the more rigid
ligand benzocryptand 222 only an exclusive complex is formed.
An equilibrium between the exclusive and inclusive forms of the
complex is found for cryptand 222, while cryptand 322 only forms inclusive
47complexes with the caesium cation.
It must be concluded that unlike crown ethers, cryptands generally 
form only 1 :1 complexes in which the cation sits in the centre of the 
ligand. Some exceptions have been found for cases in which the cavity 
of the cryptand is very large and the cations involved are very small.
In such a situation, two cations may enter the cavity of the ligand to 
form M^L^cryptate complexes. 48 In Table 4,the cavity size and the 
number of binding sites of various cryptands is given.
Although this thesis is related to the use of dibenzo 18 crown 6 
and dibenzo cryptand 222 as complexing agents for metal cations in 
different reaction media, a brief description of other macrocyclic 
ligands is given. Among them, are the macrotricyclic and macrotetra-
49cyclic cryptands which also have been prepared by Lehn and Co-workers. 
The tricyclic ligands contain three cavities. Two of these cavities 
are inside the macrocycles and the other is a central cavity. Com­
plexation of tricyclic ligands with cations leads to the formation of 
mononuclear and binuclear cryptates, see Fig. 5.
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Macrotricyclic cryptands (L) can form heteronuclear bimetallic cryptates
in which two cations are involved. Such is the case for silver and
+ 2+lead cryptates (LAg Pb ). Judging from the stability constants values
for sodium and the macrotricyclic cryptands in 95% methanol (log K =
S1
3.60 and log ICg =3.2) it appears that the formation of the mononuclear
cryptate does not interfere with the formation of the bimolecular 
cryptate, since stability constants values are very close. In 1975,
coordinating sites. The molecular structure consists of four nitro­
gen cornerstones linked by bridges each containing an oxygen site 
(Fig. 6 ). The synthesis was based on the stepwise construction of a 
macrocyclic, macrobicyclic and macrotricyclic sytem. The ligand 
shown in the figure is characterised by four faces which are identical. 
Each of the faces is an 18 membered ring as shown in Fig. 6 .
The faces are connected at the nitrogen sites. Depending on the orientation 
of the nitrogen bridgeheads, the ligand shown in Fig. 6 may exist in five 
topological forms. These are
a) Four nitrogens in endo position (e n - e n - e n - e n )
b) Three nitrogens in endo and one nitrogen in exo position (e n - e n - e n - e x )
c) Two nitrogens in endo and two in exo position (e n - e n - e x - e x )
d) One nitrogen in endo and three nitrogens in exo position (e n - e x - e x - e x )
e) Four nitrogens in exo position (e x - e x - e x - e x ) .
53Graf and Lehn reported the synthesis of a ligand containing ten
F i g .  6
The topological form with the four nitrogens in the endo position has 
a spherical shape with the four nitrogens situated at the corner of 
a tetrahedron and the six oxygen situated at the corners of an octa­
hedron. The centres of the tetrahedron and the octahedron coincide and 
the ten corners lie on the same sphere.
Therefore, the ten binding sites have an octahedrotetrahedral 
arrangement. It was shown that the spheroidal macrotricyclic ligand 
with octatetrahedral coordination in solution of CDCl^ dissolves CSBr 
due to the formation of a 1:1 complex. This complex is known as 
macrotricyclic (Fig.6> ) cryptate, in which the cation is enclosed 
within the cavity of the ligand. It is believed that the configuration 
which corresponds to the complex is the (e n - e n - e n - e n ) configuration. 
Therefore, the cation interacts with the four nitrogen atoms as well as
with the six oxygen atoms. The macrotricyclic ligands have shown to
54form stable and selective anion cryptates with halide ions. It
was found that the addition of three equivalents of HC1 to a solution
containing the macrotricyclic ligand results in the formation of two
■ • species. These were the diprotonated tricycle TH2 and a new species
known as the chloride inclusion complex as shown in Fig. 7* Fluoride
13and bromide inclusion complexes have also been found by C NMR 
measurements.
In these anionic complexes, the anion is situated inside the 
cavity of the ligand in its tetraprotonated form.
2 4 .
54Stability constants data reported by Graf and Lehn for the three 
macrotricyclic ligands (A,B,C) with the Cl” anion show that these 
chloride cryptates are the most stable complexes so far known.
(A) (B) (C)
crown ethers which have the property of simulating the selectivity 
of enzymes. Among the crown compounds prepared by Cram et al is the 
di(binaphtlalene) 18 crown 6 (Fig. 8 ) which possesses chiral properties.
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There are a number of reasons by which research in the field of macro- 
cyclic ligands has grown extensively in the last few years. The 
presence of oxygen donor atoms in the structure of macrocyclic ligands 
has led to the formation of highly stable complexes with alkali and 
alkaline-earth metal cations.
Macrocyclic ligands containing nitrogen as donor atoms have the 
ability of forming strong complexes with transition and post-transition 
metal cations.
The presence of an intramolecular cavity which can be adapted to 
the formation of these complexes is an important chracteristic of 
macrocryclic ligands. For macrocyclic ligands containing oxygen donor 
atoms a variation in the number of oxygen atoms plus the connecting 
ethylene groups results in a variation of the size of the cavity, while
for those containing nitrogen donor atoms (tetra-azamacrocyclic ligands)
a variation in the cavity size can be achieved by a variation of the
size of the bridging8'*' 88 group from ethylene to trimethylene. A
number of tetra-azamacrocyclic ligands are shown in Fig. 9 and their
6 3cavity sizes as reported by Hancock are given
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6 3Hancock has indicated that it is the size of the chelate ring formed 
upon complexation which controls the stability of the complexes formed
2+ 2+ 2+ 2+ + 2+ with these ligands and metal ions (Cu , Ni , Zn , Cd , Cs , Sr ,
2+ 2+Pb and Ba ). It was also shown that the most stable complexes are
those formed by the complexation of small metal cations with the tetra-
azamacrocyclic characterised by a large chelate ring, while a decrease
in complexation is observed for these macrocycles with large cations.
In 1984, Kimura et al64 discovered a synthetic method that led to the
formation of a new class of polyamines. These polyamines contain
aromatic donor groups with side arms attached to one of the cations at 
10the ring (Fig.10 ).
-OH / ^ V O H
Fig.
Some of the properties of these compounds is that the presence of a 
phenol group closely bonded to the ring in (1) restricts the motion 
of the phenolic group in solution which interacts through hydrogen bond
formation to the closest nitrogen atom of the macrocycle as detected by 
1H NMR spectrum. The phenol side arm in (a), (b) and (c) leads to
coordination with metal ions. pH Titration curves for ligand (1) in
2+the absence and in the presence of Fe detected the formation of a 1:1
ligand-cation complex with a value: of 14.8 for log Kg. The absence of
the phenol group in the structure of these ligands does not result in
the dissolution of solid Fe(OH)^. Therefore, these polyamines are a
3+new type of macrocyclic ligand?able to take up Fe from neutral aqueous 
solutions.
2+ 2+ 2+Ligand (c) promotes complex formation with Cu , Ni and Zn
The stability constants (log K ) of the 1:1 ligand-cation complexes in
water are 12.6, 14 and 18.4 for Cu2+, Ni2+ and Zn2+, respectively. These
are higher by at least 3 log units than those found for these cations
and the 12 ane N^ ligand without the phenol group attached to it.
The properties of polyamines with cathecol, hydroxyquinone and
65pyridine as pendant groups have also been discussed by Kimura. One
of the most interesting aspects of polyamines containing cathecol 
groups is the way in which the axial coordination of its cathecolate as 
a monodentate ligand, influences the redox properties of the ligand and 
of the metal ion.
The uncoordinated cathecol (d) undergoes oxidation in the same way
as cathecol is oxidised to quinone. Ligand (d) forms 1:1 complexes
2+ 2+ 2+ 3+with Fe and Ni at pH 6-7. Fe (d) complex oxidises to Fe (d)
complex at 0.2 V. The oxidation of the cathecol group is much more
difficult to achieve than the oxidation of the metal ion.
Macrocyclic ligands have a large number of applications. In the 
case of crown ethers and cryptands it can be said that these compounds 
have a dual functionality which is associated to i) the lipophilic 
segments outside the ring and ii) the polar part on the inside, which 
enables the complexation with a number of metal cations. Some of the 
applications can be described as follows.
1.7.1 As solubilizing agents and as catalysts
Crown ethers and cryptands can solubilise metal salts in organic 
solvents and can be used as catalysts for nucleophilic substitution 
reactions. 66 The degree of effectiveness of the various crowns for 
these purposes is largely dependent on their lipophilic character and 
on the strength of complexation with metal cations.
It was observed that phophonium and quaternary ammonium salts were 
more effective catalysts than the crowns in phase-transfer catalysis 
for SN2 reactions in water- nonaqueous * solvent systems. This has been 
mainly attributed to hydration of the crown which results in a reduction 
of lipophilicity. The attachment of alkyl and acyl groups to the
aliphatic portions of the crowns resulted in an increase of the catalytic
G7—70 71activity . Thus, Ikeda and Co-workers examined (a) the use of
substituted 15 crown 5 (substituents = -C^H. . -c , CH„ cyclo-6 13 10 21 3x5' J
hexane, C_H. C_H„_0CH_, C„ „H„0CH. and 18 crown 6 (substituents =6 5 6 17 2 12 25 2
C.H. , C . _, CH. . cyclohexane, dicyclohexane, C^H_, dibenzo,8 17 12 25 3 x 6 6 5
CH. OCH , C H OCH ) as catalysts for the Finkelstein conversion of 8 17 2 12 2o 2
n-octyl bromide to n-octyl iodide in benzene, benzene-water and n-heptane 
and (b) The use of crowns as solubilising agents for alkali-metal 
picrates in heptane. These authors found that the highly lipophilic
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substituted crowns are much more effective catalysts and better 
solubilising agents than the unsubstituted crowns and that both types 
of activity depend on the bulk and shape of the substituents in the 
crown molecule.
72Muller and Handel also found that substituted aza-macrocyclic
ligands containing a long lipophilic chain (-Cn.H__) make the ligands12 25
and its metal complexes soluble in organic solvents. Therefore, these
can be used in extraction process so the metal ion can be extracted
from water into the organic phase.
Another example of the use of crown and cryptands as phase transfer 
7 3“7€>catalysts is the oxidation of substituted catechols to o-quinones.
The addition of 18 crown 6 to potassium permanganate in dichloro- 
methane increases the solubility of this salt in this solvent.
1.7.2 Use a Macrocyclic Ligands as Biological Models
The following diagram represents the mechanism of a macrocyclic 
ligand (carrier) inside the membrane
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+ability of forming complexes with metal cations (M L). These
complexes are transported in the direction in which its electro­
chemical potential decreases. Therefore, the ligand L (see diagram)
reacts with the cation at the surface of the membrane. K , and KM+L L
are the constants characteristics of the transport of the complexed
cation and of the ligand respectively. k and k._ are the rate con-s d
77stants for complex formation and complex dissociation . It is 
believed that valimomycine,
T h e  n a t u r a l  m a c r o c y c l i c  l i g a n d s  (L )  w h i c h  a r e  c a t i o n  c a r r i e r s  h a v e  t h e
ch3
a biologically active antibiotic, plays an important role in the
+ + 78transport of Na and K across the cell membrane. A number of
antibiotics have been used in research with the aim of gaining informa­
tion concerning the mechanism of transport across synthetic and natural 
79 80membranes. Fenton has written an interesting review about the
role of synthetic macrocyclic ligands in the process of transport of
81 .cations. More recently, it has been suggested that studies on
complexation reactions between crown ethers and organic molecules
could simulate the substrate activity of enzymes. This is because the
process of complexation and decomplexation between organic molecules
and macrocyclic ligands are important steps in enzyme catalysed
reactions. The synthesis of adrenaline crown ethers as well as their
82properties have been reported by Fenton.
1.7.3 Neutral Carrier Membrane Electrodes
Neutral carrier membranes consist of a suitable inert solvent in 
which a macrocyclic substance is dissolved. The macrocyclic sub­
stances can be antibiotics or polycyclic polyethers capable of producing
77a cation selective membrane . The following requirements must be 
fulfilled for the selection of a ligand to be used in electrode 
membranes.
i) The carrier molecule must contain polar and non-polar groups
ii) The carrier should have a stable conformation that provides a
cavity surrounded by polar groups (preferably 5 to 8, but not more than 
12 polar groups) for the uptake of cations and a lipophilic shell 
around the coordination sphere
iii) The carrier must be flexible enough to allow fast exchange of ions
iv) The overall dimensions of the carrier must be rather small to
ensure mobility while keeping high lipid-solubility.
Thus, neutral molecules such as antibiotics and crown ethers have been 
found to produce cation selective membrane electrodes. Nonactine 
in carbon tetrachloride and valimomycine in octanol are systems of 
high selectivity for cations. Ion selective disk electrodes with
Valinomycine has been incorporated in membrane electrodes as 
carrier for potassium. The high selectivity towards potassium over 
sodium response has made this electrode useful in cases where glass 
electrodes fail in the analysis of biological fluids.
Valinomycine or gramicidine in dimethylphthalate, nonensin in ethyl 
hexyl diphenylphosphate and nonactina in dibutyl serbacate can be used 
as liquid membranes which show selectivity to potassium, sodium and 
ammonium ions respectively.
1.7.4 Polymers containing Macrocyclic Ligands
Important contributions in this field were made by Smid and Co- 
84-85workers. A number of polymers such as 4'vinyl monobenzo 15
crown 5,4' vinyl mono benzo 18 crown 6 and 4' vinyldibenzo 18 crown 6, 
were prepared by these workers by using either radical or anionic 
initiators. The structure of 4" vinylmono benzo 18 crown 6 is given.
8 3
n e u t r a l  c a r r i e r s  h a v e  b e e n  d e s c r i b e d  b y  S c h i n d e r  e t  a l .
The polymer ethers were found to be soluble in aliphatic hydrocarbons, 
toluene, chloroform, methylene chloride, tetrahydrofuran and nitro­
benzene. An excess of ligand with respect to cation concentration was 
used for the extraction of alkali-metals from aqueous solutions, using 
water/dichloromethane as solvent systems. The extraction constants 
were twice as large as compared with the values obtained with the 
monomer ligand. It was also shown that for cases in which formation 
of sandwich complexes occurs, values for the extraction constants were 
about five to ten times greater than those for the monomer sandwich 
complex. Polymeric crown ethers obtained by polycondensation of diaza
crown ethers and the interaction of these polymers with a number of
86-88cations in chloroform have been studied by Gramain and Frere.
89Warshawsky and Kahana carried out the synthesis of polymeric 
crown ethers carrying pendant macrocyclic groups. Polymers with 
crown ethers and cryptands as anchor groups have been prepared by 
Blasius. Relevant references concerning Blasius's work will be given 
under extraction of metal ions by macrocyclic ligands.
1.7.5 Use of Cryptands for the Determination of Single-Ion Values
The use of cryptands for the determination of single-ion values has
been discussed in a number of papers. ^ 6
90-94The Lejaille conventions as stated by Schneider and Co-workers
imply that a) the transfer free energy Ag° of a metal ion cryptate 
[M+222] is equal to the transfer free energy of the uncomplexed ligand 
[222] as represented by
AG°[M+222] = AG°[222] t t (1.1)
3 5 .
which in terms of enthalpy or entropy, expression (L.3) may be written as
AH°[M +222] = A H °[222] (1 .2 )
or
A S°[M +222] = A s° [2 2 2 ]  (1.3)t t
■j*and b) the transfer free energy of metal-ion cryptates [M 222] is equal
fto zero as expressed by
AG°[M +222] = 0 (1 .4 )t
which in terms of Ah °  and A s °  identity (1.4) may be written as
AH°[M+222] = 0 (1 .5 )
or
AS°[M +222] = 0  (1.6)t
The validity of these conventions provides a useful method for the deter-
92mination of single-ion values, Abraham et.al. indicated that the 
following identity
AGt [Ml+222J = Ag° [M2+2221 (1‘7)
A H ° [M * 2 2 2 ]  = A G ° [M * 2 2 2 ]  t 1 t 2 (1.8)
is required for conventions (a) and (b) to be valid. Based on experi­
mental data for cryptand 222 and alkali-metal cations in the water/ 
methanol solvent system,these authors concluded that conventions (a) and
(b) do not hold for this solvent system. This paper was followed by
93another publication from the same group in which conventions (a) and
(b) were tested in terms of AH for the transfer of [K 222] and [Ag 222] 
from water to a number of solvents (MeOH, DMF, DMSO, PC and AN) and
from DMSO to water, MeOH, DMF, PC and AN. It was concluded by these
J* Hhauthors that identity (c) holds for [Ag 222] and [K 222] for transfers
from water to DMSO and DMF but both conventions (a) and (b) failed for
transfer to PC and AN. Furthermore, it was concluded that also for
transfers among dipolar aprotic solvents neither convention was valid.
96-97Extensive studies by Danil de Namor and Co-workers, mainly in
terms of enthalpies demonstrated that conventions (a), (b) and identity
(c) are valid in transfers among dipolar aprotic solvents but these 
conventions are not valid in transfer from water. These conventions 
have been successfully used for the determination of single-ion values 
among a number of dipolar aprotic solvents.
1.7.6 Extraction of Metal Ions by Macrocyclic Ligands
The extraction of metal ions from water to non-aqueous media by
the use of macrocyclic ligands has been the subject of a considerable
number of research publications. Contributions to this area started
100with the work of Eisenman on the extraction of 1:1 electrolytes by 
natural occurring macrocyclic ligands.
The discovery of compounds such as crown ethers and cryptands and 
their ability to form complexes with a large number of cations has 
expanded this field of research.
crown 6 (L) from water (aq.) to methylene chloride (s) was reported by
101Frensdorff and Pedersen in 1971. In the calculation of the extraction 
constant, Kex, for the process as represented by
4“ —
T h e  e x t r a c t i o n  o f  m e t a l  i o n  p i c r a t e s  (M A  ) b y  d i c y c l o - h e x y l - 1 8
M+ (aq.) + A (aq.) + L (s) — ► M+LA (s) (1.9)
■f —It was assumed that the M LA salt was extensively associated in the 
organic phase. The molar equilibrium constant, Kex, for process (1.9)is 
given by
4~ —[M LA ]SKex = —   1    (1.10)
[M ]aq.[X ]aq.[L]s
Process (1.9) and eqn. (1.10) can be divided into the following steps.
a) The complexation between the metal ion and the macrocyclic compound 
in the aqueous phase
M+ (aq.) + L(aq.)— M+L(aq.) (1.11)
The equilibrium constant for process (1.11) is given by
Ks = — L]aq<  (1.12)
[M ]aq.[1[aq.
b) The ion pair formation constant, Ka, for the process as indicated by
+ - + -M Laq. + A aq. — s. M LA aq. (1.13)
f o r  w h i c h
3 8 .
(M+LA“]aq.Ka = — j- --- (1.14)
[M L]aq.[A ]aq.
c) The transfer of the complexed ion pair from water to the organic 
phase
M+LA~(aq.)— f M+LA~(s) (1.15)
The equilibrium constant associated with process (1.15) is given by
Kt[M+LA ] = IM+LA_]S—  (1.16)
[M LA ]aq.
d) The transfer of the ligand from water to the non-aqueous phase
L (aq.) L(s) (1.17)
for which
Kt[L] = (1.18)IL]aq .
Replacing (1.12), (1.14), (1.16) and (1.18) in eqn. (1.10), Kex can be 
written as
Ks x Ka x Kt [M+LA~]Kex =  1   (1.19)
Kt [L 3
102The same workers on a separate paper reported extraction constants for 
sodium and potassium picrates at 298.15 K with crown ethers (isomers of 
dicyclohexyl 18 crown 6 and dibenzo 18 crown 6) from water to a number 
of solvents (dichloromethane, hexane and trifluoro trichloromethylene).
A more extensive study by Pedersen is that which involves the 
extraction of alkali metal (Li+ , Na+ , K+ , Cs+) picrates from water to 
dichloromethane and from water to toluene, using a considerable number 
of crown ethers as ligating agents. The extraction process was dis­
cussed in terms of the structure of the crown, the reaction media and 
the nature of the anion.
Extraction studies involving crown ethers are those from Rais and 
104 +Selucky (Cs salts containing different anions by dibenzo 18 crown
1056 m  a number of solvents), Danesi and Co-worters (alkali-metal 
cations by dibenzo 18 crown 6 in various mixtures of nitrobenzene and 
toluene) , Jaber et aZ^ 88 (alkali and alkaline earth metal picrates with 
dicyclo-hexyl-18-crown 6 in CH2F2  ^*
107A comprehensive study was made by Marcus and Asher on the 
extraction of cations (Na and K ) from aqueous solutions of salts con­
taining a variety of anions (F , CH COO , NO„ , I , Br , Cl and SO . 2 )3 3 4
by crown ethers (DB18C6 and dicyclohexyl 18 crown 6) in a number of 
solvents (22). These authors concluded that the solubility of the 
macrocyclic ligand in the solvent, the complexing abilities of the 
ligand with the cation, the ion-pair formation in the organic phase 
between the complexed cation and the anion, the different selectivity 
for the alkali-metal cations as well as the anion, cation and solvent 
are the key factors to find the best conditions for extraction processes 
involving macrocyclic ligands. It was also pointed out by these 
authors that the extraction of a given cation was favoured in the order 
of F >Ac >NC>2 >1 >Br >C1 >S0^ 2 . This sequence appears to be directly 
related to the hydration of these anions.
Other studies involving the extraction of cations by macrocyclic
108 2+ 2+ 2+ ligands include those of Kimura (Sr from Ca and Mg by dicyclo-
1 0 3
bivalent cations by 12C4, 15C5, B15C5, 18C6, DB18C6 and DB24C8 in benzene)
From the point of view of extraction processes, it is always
desirable to find economical ways for the use of these costly macro-
cyclid ligands and this was achieved by the incorporation of these
compounds into polymeric supports so that the extracting agent can be
113-115easily recovered. Thus, Blasius and Co-workers prepared a
considerable number of resins containing dibenzo crowns and dibenzo
cryptands as anchor groups. This was done by condensation of the
appropriate crown or cryptand with formaldehyde in formic acid.
Due to the neutral nature of the macrocyclic ligands involved in
these resins, anions and cations can be extracted simultaneously.
The analytical applications of these resins includes the separation of
anions from salts containing the same cation and vice versa, conversion
of salts, separation of isomers, water determination, etc.
The extraction of 1:1 electrolytes and some organic molecules by
resins containing dibenzo 18 crown 6 as anchor groups has been studied
110—117by Danil de Namor and Sigstad. These authors reported the
rational equilibrium constants log Kex (expressed,dfraction scale for the 
resin phase and activities in the solution phase) for the process 
involving a resin containing dibenzo 18 crown 6 as anchor group in 
equilibrium with aqueous and non-aqueous solution of 1 :1 electrolytes.
Undoubtedly detailed information on the complexation reaction 
between monomers (Macrocyclic ligands) and cations in different reaction 
media will provide the basis for a thorough interpretation of equilibrium 
data for 1 :1 electrolytes and polymeric resins containing macrocylic 
ligands as anchor groups.
1 0 9 - 1 2
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The use of macrocyclic ligands in chemical analysis is one of the
most productive areas of research and has been discussed by several
1 18 -1 24authors. An interesting article has been written by Kolthoff.
Some of the remarks made by this author about further research to be 
carried out in this field includes,
a) The effect of ionic strength and the role played by the anion in 
the determination of stability constants of metal (I), (II) and (III) 
cations with macrocyclic ligands.
b) Polarographic determination of stability constants with cryptands
c) Solubility of crown ethers and stability constant measurements in 
reaction media involving solvents capable of hydrogen formation.
d) Determination of dissociation constants of ligands complexed with 
ammonium and substituted ammonium cations such as [LNH^ ] [LRNH^ ] in 
water and in organic solvents.
e) Extraction analysis.
f) Conductimetric titrations of cations in water and methanol-water 
mixtures using crown polymers and cryptands polymers, etc.
1.7.8 Other Applications of Macrocyclic Ligands
Other applications of macrocyclic ligands involve their use for 
the fixation of toxic compounds, 128 batteries,^2  ^potassium determination
• U I  *  1 2 8  4-m  blood, etc.
2.1 Studies on the Interaction of Metal Ions and Macrocyclic Ligands 
in Solution
This work is related to the study of interactions between macro-
cyclic ligands (L) and metal ions (M+) in solution (s), through the
determination of thermodynamic parameters of complexation such as the
standard free energy change, A G t h e  standard enthalpy change, AH°,
and the standard entropy change, As°, of metal (I) cations with dibenzo-c
cryptand 222 (22 2 ) and dibenzo 18 crown 6 (DB18C6) in several non-B B
aqueous solvents. The process under study is represented by
!
M+ (s) + L(s) + M+L(s) (2.1)
In eqn (2.1) M L is the notation used to indicate the metal-macrocyclic 
complex. The free energy change, Ag °, is calculated by the relationship
AG° = -RTlnKs (2.2)C
Where Ks is the stability constant of the metal ion complex in the 
appropriate solvent and R and T are the gas constant and temperature (K) 
respectively. Therefore/this introduction includes
a) Methods used for the determination of stability constants.
b) Literature data on stability constants of crowns and cryptands with 
metal cations in water and in non-aqueous solvents.
c) Methods used for the determination of enthalpies of complexation.
d) Literature data on enthalpies of complexation of metal cations and
macrocyclic ligands.
e) Entropies of complexation.
2 . 2  M e t h o d s  u s e d  f o r  t h e  D e t e r m i n a t i o n  o f  S t a b i l i t y  C o n s t a n t s  o f
Macrocyclic Ligands with Metal Cations in Water and in Non- 
Aqueous Solvents
The different methods used for the determination of stability 
constants of metal cations with macrocyclic ligands can be divided in:
a) Spectrophotometric methods (UV-visible and nuclear magnetic 
resonance spectroscopy).
b) Electrochemical methods (potentiometry, conductance measurements, 
polarography).
c) Thermal methods (calorimetry).
Among the spectrophotometric methods, the one most commonly used is
that based on NMR measurements. This method can be applied to nuclei
which have non-zero spin quantum numbers.
Proton magnetic resonance (p.m.r), which was the first type of NMR
used for chemical analysis, has been successfully employed for the
determination of stability constants of crown ethers and metal ions.
The complexation constants were evaluated from the variation of the
129proton chemical shifts with the ligand cation mol ratio.
13Proton NMR in conjunction with C NMR has been also used for these
purposes due to the lower magnetic sensitivity of the non-protonic
nuclei with respect to that for the proton. A Fourier Transform
instrument must be used to extract the spectral peaks from the back- 
13ground noise when C nuclei are involved.
Stability constants of ions with macrocyclic ligands have been 
determined by NMR using metal cations. Thus, Mei et al^ ' studied 
the stability constants of a number of cryptands with lithium 7 and 
caesium 133.
Li) with the ligand/metal ion mole ratio, stability constants were
calculated. Experimental data for these calculations were the observed
chemical shift, 6 , the chemical shift of the metal, S;m, and the totalobs
t tconcentrations of the metal, C , and that for the ligand, C , inM L
solution.
This method is useful for the determination of stability constants 
5not greater than 10 . Additional information which can be obtained by
this method involved structure and kinetic studies.
Among the electrochemical methods, the potentiometric technique
91-131described by Cox and Schneider has been extensively used. Details
of this technique given in the experimental part of this thesis. 
Direct measurements by the use of ion selective electrodes has also 
been used. The selectivity of an ion selective electrode results from 
the ion selective membrane. When the electrode is placed in contact 
with a solution containing ions to which the electrode responds, a 
potential difference is developed across the ion-selective membrane.
This potential, E, is a function of the activity of the ions (ai) in 
solution, according to the equation
RTE (V) = Constant + — 2.303 log ai (2.3)
In equation (2.3), R is the gas constant, T, the absolute temperature, 
n, is the number of electrons involved in the reaction and F is the
Faraday = 96,500 Coulombs mol .
High stability constants in which the concentration of the free
cation is very small, can be measured by this method. In very dilute
solutions, great care must be taken to avoid the presence of impurities 
in solution.
1 3 3
F r o m  t h e  v a r i a t i o n  o f  t h e  c h e m i c a l  s h i f t s  o f  t h e  m e t a l  ( C s  o r
7
Eqn (2.3) has been written on the assumption that there is only one
cation in solution and therefore,the electrode responds only to the
presence of this cation. But ion selective electrodes often respond
to other ions as well. Therefore, it is essential to avoid any traces
of impurities in solution. This method has been used by Kolthoff and 
.132-134Chantooni for the determination of stability constants of cations
with macrocyclic ligands in different reaction media.
Another method used mainly in non-aqueous solvents is that involving 
conductance measurements. In these measurements, use has been made
of the fact that the mobility (hence conductivity) of the complexed
*4* 4“cation [M L] is lower than the mobility of the free cation M .
Therefore, for the process as described by eqn (2.1) the stability
constant can be written as
Assuming that the mean molar activity coefficient (Y±) of the free and 
complexed cation are the same, eqn (2.4) may be expressed in terms of 
concentrations, so that
complexed cation, the free cation and the ligand, respectively. Con­
ductance measurements carried out in a solution containing a fixed con­
centration of electrolyte to which different amount of ligand is added 
leads to the calculation of molar conductance data, Am. Thus, it can be 
demonstrated that eqn (2.5) can be expressed as
[M+L](y ±M+L) 
[M+] [L] (Y ±M+)
(2.4)
(2.5)
4* 4“ »where [M L ] , [M ] and [L] are the equilibrium molar concentration of the
4 6 .
Am[M+]-Am0fc)S*
KS =  Sbi +  (2*6)[L][Am -Am(M L)]
The equilibrium concentration of the ligand can be obtained from the 
initial concentration of ligand Li and the complex concentration so that
[L] = [L]i-[M+ ]{(Am[M+]-Aobs)/Am[M+]-Am[M+L]} (2.7)
•j*Values for Ks and Am [M L] are obtained by an iteration procedure.
134-137This method has been used by several workers.
A method which has been used with less frequency includes voltam- 
metry and related techniques, all of which can be grouped as non- 
potentiometric methods of electro analysis.
Voltammetry is a technique which involves the application of a 
varying potential to an electrode (indicator electrode) in a sample 
solution. Polarography is that type of voltammetry which involves the 
use of an electrode (mercury electrode) whose surface is renewed as the 
applied potential is varied. Independently of the way the potential 
changes with time, a potential value is reached at which oxidation or 
reduction of the electroactive species takes place. At this point a 
current flows through the indicator electrode. This current is measured 
and plotted versus the applied potential.
The polarographic wave thus obtained is characterised by a half 
wave potential, Efe which is the potential half way up the rising 
portion of the polarographic wave. It is important for polarographic 
analysis involving more than one species that these electroactive species 
are characterised by E} values which differ between each other by more 
than 0.1V under specific conditions. Half wave potentials for the free 
and complexed cations are relevant in the determination of stability
the complex is shifted to more negative potentials with an increase in
the concentration of the ligand in solution provided the basis for the
140-143evaluation of stability constants in these systems.
Among the thermal methods of analysis, calorimetry is the only 
technique so far used for measurements of stability constants of metal 
ions and macrocyclic ligands in water and in non-aqueous media. This 
method offers the advantage of providing data for the calculation of 
thermodynamic parameters for the complexation reaction between metal 
cations and macrocyclic ligands in different reaction media. The method 
is suitable to determine stability constants whose values in terms of 
log units are within 1 to 6 . Values larger than 6 log units cannot be 
measured since combination of electrolyte solution and ligand leads to 
values close to 100% complexation. Values lower than 1,leads to very 
low percentages of complexation and therefore,inaccurate enthalpy data 
are obtained.
This method is mainly based on heat measurements carried out at 
different electrolyte and ligand concentrations, so that different 
percentages of complex are formed in solution. Each percentage of 
complex will be associated by a given heat. An iteration procedure is 
used to calculate K from known values for the initial concentrations of 
the electrolyte and ligand in solution so different percentages of 
complexation are obtained. The K value which leads to the same AHc at 
100% complexation is taken as the stability constant of the complex.
Several authors have used this method, in particular Izatt and 
145-154Christensen, who have made significant contributions in the field
of cation-macrocyclic interactions in solution.
c o n s t a n t s  o f  m e t a l  i o n s  a n d  m a c r o c y c l i c  l i g a n d s .  T h e  f a c t  t h a t  E i  f o r
2 . 3  S t a b i l i t y  C o n s t a n t s  f o r  C r y p t a n d s  a n d  C r o w n s  w i t h  M e t a l  I o n s  i n
Different Solvents at 298.15 K.
There are a number of articles in the literature3 2 ,147,148,149,153,154 
which report stability constant data for cation-cryptand, cation-
coronand and cation-spherand complexation. The most recent review is
153that by Izatt, Christensen and Co-workers.
Since this thesis is mainly concerned with the use of dibenzo- 
cryptand 222 and dibenzo 18 crown 6 as complexing agents for alkali-metal 
and silver cations in non-aqueous solvents, the stability constants of 
cations with these two ligands in different solvents will be tabulated 
and a brief discussion on the most relevant data will be given. For 
comparison purposes, stability constants of related cryptands and crowns 
with metal ions found in the literature will also be included in this 
thesis.
2.4 Stability Constants of Metal Cations with Cryptands 22^2^, 222„
-----------------------------------------  .  g B B
and 222
Stability constants of metal ions with dibenzocryptand 222, benzo- 
cryptand 222 and cryptand 222 found in the literature are recorded in 
tables 6, 7 and 8. The abbreviations used for each solvent are listed 
in table 5.
155In 19+3, Lehn and Co-workers measured the stability constants of 
+ + 2+Na , K and Ba with four macrocyclic ligands including dibenzocryptand
222, benzocryptand 222 and cryptand 222 in 95% methanol at 298.15 K.
pH potentiometric titrations were used to generate these data. The
importance of this work was related to the need of avoiding the inter-
24ference of an alkaline-earth metal cation (Ba ) in the selective 
transport of sodium and potassium across the cell membrane.
T a b l e  5 A b b r e v i a t i o n s  u s e d  f o r  t h e  n o n - a q u e o u s  s o l v e n t s
Acetonitrile AN
Benzonitrile BN
Butan-l-ol BuOH
1,2 Dichloroethane 1,2 DCE
Dimethoxyethane DME
Dimethylsulphoxide DMSO
1,4 Dioxane DIOX
Ethanol EtOH
Hexamethylphosphorotriamide HMPT
Isopropanol iPrOH
Methanol MeOH
N,N Dimethylfurmamide DMF
N Methylpropionamide NMP
Nitromethane NM
Propan-l-ol PrOH
Propanone Me^CO
Propylene Carbonate PC
Pyridine Py
Tetrahydrofurane THF
Tetramethylguanidine TMG
The results obtained by these workers demonstrated that the addition
2+ +of one benzene ring to the structure of 222 does not affect the Ba /K 
selectivity ratio with respect to that observed with cryptand 222 and 
the same cations in the same solvent system. It was thought, that in 
benzocryptand 222, one side of the bicyclic system remained exposed to 
interaction with the solvent, and therefore the selectivity ratio for 
these two cations with these two ligands does not differ greatly.
However, the selectivity ratio was considerably decreased for dibenzo­
cryptand 222.
The decrease in stability due to the presence of two benzene rings
was attributed to a decrease in basicity of the oxygen atoms of the
ligand as well as to a reduction of the cavity size of the ligand.
Stability constants for sodium, potassium, thallium, silver and
barium in water and methanol with dibenzocryptand 222 at 298.15 K were
132reported by Chantooni and Kolthoff in 1981. The decrease in
stability constants with dibenzocryptand 222 and these cations in these
solvents with respect to corresponding values for cryptand 222 was also
attributed to the decrease in the basic character of the ether-oxygen
due to the presence of benzo groups in the macrocyclic structure. In
the same paper, these authors reported partition constants for 22^2^ and
18C6 in water and methanol solvent system at 298.15 K. From the
partition data for these ligands and entropy data for cryptand 222 and
9518 crown 6 from the literature it was concluded that only the first
solvation shell is built around the ether oxygen of dibenzocryptand 222
in methanol, while several hydration layers are present for this ligand
in water. The effect of substituents on the stability of alkali-metal
156cryptates in methanol was studied by Cox and Schneider. Their work
involved thermodynamic and kinetic studies for alkali-metal cations and
cryptands 222^ (D = Cl0H21) and 2.2^2^ in methanol at 298.15 K. Data 
for the entropy of complex formation and of activation for the dissocia­
tion process, reflected the decrease of the cavity size of the ligand in 
the order 222>222 >22 2 . Similar studies were carried out by these
JL> B B
workers for the alkali-earth metal cations and a number of cryptands (211,
157221, 222, 222 and 22 2 ) in methanol. Cox, Schneider et al suggested 
B B  B
that the decrease in the basicity of the oxygen atoms of the ligand due
2+ +to the presence of benzene rings is more relevant for M than for M 
complexes. This was attributed to the larger electrostatic interactions 
in the former than in the latter complexes.
2+A linear correlation was found between log Kg values in water (Ba 
2+ 2+Sr and Ca ) and corresponding data in methanol. Formation rates 
reflect the decrease in the flexibility of the substituted ligands with
respect to the unsubstituted ligands.
* , “f- *4“ HhStability constants of metal(I) cations (Na , K , Ag and T1 ) and
2+metal(II) cations (Ba ) with dibenzo cryptand 222 in N-N dimethyl-
formamide, dimethylsulphoxide and propylene carbonate have been reported
158by Chantooni and Kolthoff. These studies also involved complexation
data for cryptands 211, 221 and 222. A correlation between stability
constants (hence AG°) of metal ion cryptates and the transfer activity
coefficients of the metal ions (hence AG°) among dipolar aprotic solvents
and cryptands was reported by these workers. According to these authors
this correlation is held provided the size of the cation is equal to, or
smaller than, the cavity of the ligand. However, using a wide range of
97-99dipolar aprotic solvents Danil de Namor and Co-workers found that
as far as cryptand 222 is concerned the correlation held in terms of AG° 
and AH° even for caesium, a cation much larger than the cavity of the 
ligand.
A comprehensive study on stabilities, formation and dissociation 
rates of alkaline-earth cryptates (211, 221, 222, 222g and 22b2b ) in
various solvents has been carried out by Cox, Schneider and Co-workers.
It was found that the tridimensional structure of cryptands increases
the stability and selectivity among alkaline-earth cations. Thus, for
ligands of similar cavity size, stability constants are higher by factors
of up to 106 for cryptands with respect to crowns, diaza crown ethers and
some natural macrocyclic ligands. It was also found that the rates are
dependent on the size of the cation, interaction between solvent and
cation and flexibility of the ligand. It was concluded that in the
complexation reaction process, the desolvation of the cation when entering
the cavity of the ligand may not be complete.
Further studies on benzocryptand 222 are those by Kauffmann and 
47Co-workers which are related to the formation of inclusive and exclusive 
complexes between caesium and cryptands (222, 322 and 222g) in several
non-aqueous solvents. NMR studies indicated the formation of the
+ 133exclusive complex between Cs and 2'22b in methanol. Analysis of Cs
chemical shifts determined at several temperatures as a function of
222b/CsSCN mole ratio did allow the calculation of the stability constant
(hence Ag °) as well as enthalpy and entropy parameters. Thermodynamic
and kinetic studies of metal ions with benzocryptand 222 in methanol
160carried out by Cox and Schneider showed that the higher stability 
and lowest dissociation rates were found for potassium and this ligand, 
although the fit for this cation and benzocryptand 222 was not optimal.
Data on the activation and complexation entropies and on the 
acceleration of decomplexation rate!through acid catalysis gave information 
regarding the flexibility of benzocryptand 222^. Thus, for the sodium 
benzocryptate complex, the flexibility of the ligand is maintained.
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As far as stability constants of metal ions and cryptands in 
different reaction media are concerned, reasonable agreement is found 
among the data reported by independent groups. This is not always the 
case for the corresponding data involving crown compounds.
In the experimental determination of stability constants for metal 
ions and macrocyclic ligands in solution, several factors should be 
taken into consideration among which are the purity of the salt and the 
ligand, the analytical technique used to derive these data and the 
degree of purity of the solvent. The latter being particularly important 
when non-aqueous solvent are involved.
The amount of work done on crown compounds is so extensive that for 
cases in which large discrepancies are found between the results 
reported in the literature for the stability constant of a given cation 
and ligand in a given solvent, it is not an easy task to assess the 
reliability and quality of the data in order to select the best value.
In tables 9 to 11, data available for the complexation reaction of metal 
cations and crowns (DB18C6, B18C6 and 18C6) in different reaction media 
are listed. The criteria to be used for the selection of data which 
will be required for this work will be explained in the later part of 
this thesis.
The protonation of dibenzo 18 crown 6 in chloroform at 298.15
161was studied by Shchori and Jadur-Grodzinski and a value of 210 (log Ks 
= 2.32) was reported by these workers.
There are two publications on the stability constants of metal(I)
cations and dibenzo 18 crown 6 in water. These are by Shchori and
162 133Co-workers and by Kolthoff and Chantooni. The former paper deals
with the stability constants of sodium, potassium, rubidium, caesium,
silver, ammonium and thallium in water at 298.15 K. These data were
2 . 5  S t a b i l i t y  C o n s t a n t s  o f  C r o w n  C o m p o u n d s  ( D B 1 8 C 6 ,  B 1 8 C 6  a n d  1 8 C 6 )
obtained spectrophotometrically through the solubility technique.
The apparent stability constants (K ) were calculated from theapp
following relationship.
K - <A-fio) ©BlSCf/'"!1 A° %  (2-8)M DB18C6
Where A and Ao are the notations to indicate the absorption of the ligand
in water and in the salt solution. e and e are theDB18C6 +M DB18C6
absorption coefficients of the ligand and complexed metal'respectively.
In eqn.(2.8) M. is the initial concentration of the salt. Since Iti app
values varied with the ionic strength (I) of the solution, the thermo­
dynamic stability constant, K. , was the value at 1=0 from a plot of Ks app
versus I.
2+ 2+ 2+ 2+ Stability constants for bivalent^ (Ca , Sr , Ba and Pb ) and
3+tervalent (La ) cations and dibenzo 18 crown 6 in water at 298.15 K 
were also given in this paper. Complexation constants for other crown 
compounds (DC18C6, C18C6 and 18C6) and a number of cations in water at
298.15 K were also studied by this group.
These authors concluded that the variation of stability constants 
with the size of the cation is more pronounced for bivalent than for 
univalent cations. This was explained on the basis that the density 
charge of the bivalent cations is higher than that for univalent cations.
The data reported by Schori et aZ3"82 are in good agreement with
1 33 “j* “f* Hh Hhthose given by Kolthoff and Chantooni for Na , K , Ag and T1 with
DB18C6 in water at the same temperature. Again, the solubility tech­
nique was the method used by the latter workers. No data has been 
reported for the stability constants of metal ions and benzo 18 crown 6 
in water. Clearly, stability constants for dibenzo 18 crown 6 and metal
ions in methanol have been studied by several groups.33' ' 3'63 6,207,208
31first contribution was that by Frensdorff in 1971 who reported the 
stability constants of univalent cations (Li+, Na+ , K+ , Cs+, NH4+ and
-f*Ag ) with twenty two cyclic polyethers. The strength of complexation
was analysed in terms of polyether structure, nature of the cation and
reaction media (water and methanol). These data were obtained by the
+potentiometric method using ion selective electrodes. Data for Na ,
+ +K and Cs cations with dibenzo 18 crown 6 in methanol were given in
this paper. In cases where the cation was larger than the cavity of
the ligand, the formation of 2:1 complexes was found. Thus, a sandwich
structure was reported for caesium and DB18C6 in methanol (log Ks^ =
3.51; log ICs2 = 2.92). A 2:1 complex was also found for Rb and
10DB18C6 in the solid state. The match between the size of the cation
and the ligand cavity was emphasised in this paper. These data were
closely reproduced by other workers.133 ' 163 6,207/20 :^n addition, Kolthoff
.207 + +and Chantooni reported stability constants values for Rb , Ag and
Tl+ with dibenzo 18 crown 6 in methanol at 298.15 K. When comparison 
is possible, good agreement is found among the data reported by indepen­
dent groups. Not much information is found in the literature on the 
stability constants of dibenzo 18 crown 6 and metal ions in the higher
aliphatic alcohols. Indeed, apart from the values reported by Chantooni 
X 6 7et al for potassium and DB18C6 in isopropanol and butan-l-ol, there
are no other studies for these systems in the alcohols.
"f*When results for K and DB18C6 in methanol are compared with the 
corresponding values in isopropanol and butan-l-ol it seems that the 
increase in the aliphatic chain of the alcohol does not affect signifi­
cantly the stability constant values of potassium dibenzo 18 crown 6 .
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82 209 168 163There have been four publications ' ' in' which stability constants
of metal(I) cations and benzo 18 crown 6 in methanol have been reported.
The most relevant ones are those by Ercolani e t  al^,and by Takeda e t  a l f M
+ +The former paper is a study on the complexation of metal(I) (Na , K ,
4* 4* 24“ 24~ 24-Rb and Cs ) and metal(II) (Ca , Sr and Ba ) cations with cyclic
(B18C6) and acyclic (ArOH, ArO ) analogous in methanol at 298.15 K. The
authors concluded that stronger complexation takes place with cyclic than
acyclic ligands and that the size of the cation rather than the charge
contribute to the macrocyclic effect.
168Takeda e t  a l  reported complexation data for alkali-metal cations 
and dibenzo 18 crown 6 in a variety of solvents including methanol.
These authors explained selectivity in terms of the cation-ligand cavity 
size relationship and they emphasised that for a given cation, the 
solvation abilities of the solvent strongly influence the stability 
constants sequences observed in B18C6.
The addition of one and two benzene rings to the structure of 18C6 
and their effect on the stability of alkali-metal cations with crowns 
in methanol is illustrated in ELg.lOa., where stability constants (log Ks) 
of metal cations with DB18C6, B18C6 and 18C6 in methanol at 298.15 K 
are plotted versus the ionic diameter of the cation. This figure
4“reflects that the three crowns show.' the same selectivity towards Na
(the smallest cation) with a maximum stability for potassium. For each
crown; a different selectivity pattern is observed. Thus, stability
constants are in the order K+>Rb+>Cs+>Na+ for 18C6; K+>Rb+>Na+>Cs+ for 
4- 4- 4- 4-B18C6 and K >Na >Rb >Cs for DB18C6. Clearly, the introduction of 
benzene rings into the structure of 18C6 decreases the stability of the 
complexes formed with the potassium, rubidium, sodium and caesium cations.
Stability constants of dibenzo 18 crown 6 and metal(I) cations in 
the dipolar aprotic solvents, N,N dimethylformamide (DMF)
dimethylsulphoxide (DMSO),154,188'170'171'207propylene carbonate
207,170-172 . .. .. 154,166,170,173,207 .. rT . ,177(PC) acetonxtrxle nxtrobenzene (C^ .H_.NO_)6 5 2
”1 Q 170 17 0dimethylethane (DME) acetone (Me2CO) and pyridine (Py) have been 
reported.
The most complete study on stability constants of alkali-metal
cations and dibenzo 18 crown 6 in DMF , DMSO and PC at 298.15
171has been carried out by Matsuura et al by using the conductimetric 
method. These authors concluded that the selectivity of DB18C6 towards 
the alkali-metal cations in these solvents is dependent on the match 
between the size of the cation and the cavity of the ligand but they also 
emphasise the importance of the donor number of the solvent in the 
complexation process. The agreement between the results given by these 
authors for Na+ and DB18C6 in DMF and that given by Schori et aZ^ 88 
(NMR) for the same cation and DB18C6 in the same solvent is not very 
good. This is also the case for Rb+ and DB18C6 in DMF. The value for
log of 3. 5917ioes not agree very well with the value of 2.89 given for
175the same system by Srivanavit et a l .
The latter value was again the result of NMR measurements. The 
170 171 175three sets of data ' ’ given for caesium and DB18C6 in DMF differ
greatly between each other, even though two out of three sets of data 
were obtained by using the NMR technique. The situation is no better
» "j*for DMSO. In this solvent large dxscrepancies are observed for Na
as a result of stability constants obtained by two different techniques.
171Thus, the log I<2 value of 3.30 given by Matsuura et al (conducti­
metric method) differ by almost two log units from the log Ks value
133reported by Kolthoff and Chantooni (cation selective electrodes).
Although there is good agreement among the results reported by three
« n -I i 154,166,133 r- + .independent research groups for K and DB18C6 m  DMSO at
171298.15 K, their data differ considerably from that given by Matsuura
et a l . Similarly, very poor agreement is found between the log Ks value
+ 171for Cs and DB18C6 in DMSO given by Matsuura and that given by Mei et
170a l  Stability constants of metal(I) cations and DB18C6 in PC at
171 133298.15 K as reported by Matsuura and Kolthoff and Chantooni are
"b *4* 4*in good agreement for IC , Rb , Cs and this ligand in this solvent.
Again, excellent agreement is found for the log Ks value of Tl+ and 
171 133DB18C6 in PC. ' Large discrepancies are found between the two
+ 171 133values reported for Na and DB18C6 in PC.
Most of the data on stability constants of benzo 18 crown 6 and
alkali-metal cations in the dipolar aprotic solvents has been carried
168out by Takeda and Co-workers and the values reported by these workers 
are included in Table 10.
The results for the stability constants of alkali metal cations and 
crown compounds (18C6, B18C6 and DB18C6) in the dipolar aprotic solvents 
are compared in order to derive some conclusions for 18C6 and B18C6. 
Stability constants are higher for K+ in the four dipolar aprotic 
solvents considered. Uncertainty in the log Ks values for DB18C6 in 
these solvents does not allow at this stage to draw any definite 
conclusion with respect to the stability of this ligand and the alkali 
metal cations in these dipolar aprotic solvents.

Table 10 Stability constants (log K ) of metal ( I )  and metal ( I I )  cations with 
benzo-18-crown 6 in water and in non-aqueous solvents at 298.15 K.
6 4 .
+ + + + 9+ 9-»- 94-Solvent Na K Rb Cs Ca Sr Ba
MeOH 4.35a ' b 5. 05a ' b 4.62C' d 3. 66C' d 3.50C' d 4.92C' d 5.35C/d
4. 03° ' d 5.20a, g 5.1 S ' f  4.10e , f
4.5 S ' f  5 . 2 7 ° ' d
5.70e , f
DMF 2.5 0 , f  3.6 S/f 3.2 C/f 2. 8C , f
Me2S0 2 . 8Sf f  2 . 6C/f 2. 4C' f
99% Me2SO 1.70h/1 2 . 8 5 ° ' 1 2.490 ' 1 2.25C/1
AN 4.9 S ' f  5. 3e ' f  4 . 4e , f  3 . 8S ' f
PC 5. 30 , f  5 . 4S ' f 4 . 5S , f  3. 60ff
Me2C0 4.72s ' 3 S . I O 6 ' 3
O ftPotentiometric method Ref (82) Spectrophotometric method Ref (209)
0 f Cf tlConductimetric method Ref (168) Ref (163) - NMR measurements
1 Ref (210) 3 Ref (211)
T able 11
Solvent
V
MeOH
EtOH
DMF
Me ^ SO
AN
PC
NM
DCE
Me „CO 2
Py
TMG
Diox
h2°
MeOH
PC
3 NMR method 
h Ref (213) 
phorisis r 
2 Ref (219 
10Ref (226) 
■'"^These data
Stability constants of metal(I) and metal(II) cations and 18 c$own 6 in water and in non-aqueous 
solvents at 298.15 K.
Monovalent cations
3.28n'9
Li
.oa'b'18
Na+ K+ Rb+ Cs+ Ag+ Tl+ NH4+
0.8C'd 2.03°'d 1.56C'd 0.99C,Q 1.50C'd 2.27C'd 1.23C'd
0.82e,f 2.06e,E 0.98®'E 1.6 9'k 2.209'1 1.239
1.B09'h 2.159'1 0.39'k i.io9'k
0.82a'1 2.033
o CO o Ui. 2.069'*
<0.3‘
! b, 18 
2.05C
-o
.c,m
4.36°,d 6.06C,d 5.32°'d 4.79(1)C'Q 4.58y'2 4.60y,Z 4.27°'a
4.38°'1 6.08n,t 5.73n'P 2.06(2)°'d 4.579'W 5.269'W 4.149'3
4.46n,P v- _ ^ rt » D 6«20 “ 5.3S9'V 4.49n'P 10.18(1)9,X 4.23C<m
4.32q'r 6 .109' ’ 5.27C'm 4.62(1)9'X 3 . 3 3 (2) 9' X
4.359'h 5.939' U 1.30(2)9'k 4.72C'm
4.359'S 6.OS9'5 4.69C,m
4.329'k 6.189'1
4.49C'm b • 10" 
6,10
4.357
_na,b,18 1/na,i , ,Bn,t 3.04(l)a'2
0.0(2)
4(1)a'
2.34a,b,1S 4.55g,W 5.709'W 0.57(2)a'2
6.59'3 3.73n'4 B.S9'1 5.72n'6 > l 2
>4.0a,b,18
2.313'1 4.16C'm
1.413'1 3.28n'1
1.439 ,W 3. 219'W
s s3
S 9
4.809'5
5.68n'? 6.24°'7
5.259'W 6.329,W
>4.0a'1
v. „afi>4.0
>4.0
3.95(l)a,‘ a,20.39(2)
L)a, 2
6.39'3 , 2.69a'b'18  0  5.32*1'7 4.48n'7 7.10g'W 7.139'W
a,24.52g'W 7.059'84.18(1)
1,04(2)S' 2
1.50a,b,1S a'1 5.30(l)a'2
1.5ia'b'18 1.53(2)a'2
0.62a'b'18 5. 7 (D a' 2
I 3/ 2
1.89(2)
1.87(2)a,10
4. o4„ ccll,12 4.55
Bivalent Cations
ca2+ Sr2+ ea2+ Cd2+ Hg2+ Pb2+
0.48e,f 2.89'13 3.87C'd 5.599'14 2.42a'b 4.273'b9,13 , „c,d c ,,g,15 „ _g,l1.80 ' 2.72 ' 5.31 ' 4.40
7.01g, 16
.9^ 166.90-
3.86C'd >5.5C,d 7.04C,d 7.83(l)g'X 9.48(1)9'X
3.909,S 3.58(2)9'X 2.82(2)9,X
3.66(2)11'17
b Ref (34) C Calorimetric method d Ref (153) 6 Ion exchange membrane f Ref (212) 9 Potentiometric
Ref (214) 3 Ref (215) k Ref (31) 1 Ref (184) m Ref (164) n Conductimetric method P Ref (216) 9 Electro-
Ref (208) S Ref (217) b Ref (166) U Ref (163) V Ref (218) W Ref (207) X Ref (197) y Fluorescence spectra 
1 Ref (220) 2 Ref (170) 3 Ref (221) 4 Ref (222) 5 Ref (173) 6 Ref (166) 7 Ref (223) 8 Ref (224) 9 Ref (225)
11 Spectrophotometric method 12 Ref (227) 13 Ref (141) 14 Ref (140) 15 Ref (187)16 Ref (180)17 Ref (203)
are at 300.15K.
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2.6 Methods used for the Determination of Enthalpies of Complexation 
of Metal Cations and Macrocyclic Ligands in Water and in Non- 
Aqueous Solvents
Enthalpies of complexation of metal cations and macrocyclic ligands 
in water and in non-aqueous solvents can be obtained through the use of 
the van't Hoff's equation or by the use of the calorimetric technique. 
The van't Hoff's equation may be written in the form
The left hand side of the equation (2.9) can be obtained from measurements 
of the dependence on temperature of the extent of the complexation 
reaction at equilibrium.
A more accurate method to determine enthalpies of complexing is by
is measured calorimetrically and the thermodynamic equilibrium constant
(dlnK°/dT) = Ah°/RT2s p c (2.9)
the use of the calorimetric technique. Thus, if the Ah° of the reaction
(stability constant), K , for the reaction is known at one temperature,s
let us say T , the K° value at another temperature T can be obtainedX S 2
by integration of eqn. (2.9).
(2.10)
which is
2
{AH°(T)/R<r?}dTclnK°(T ) = lnK°(T )- s 2 s i (2.11)
1
provided that Ah^ is known over the range of temperatures to T2*
Very often it is assumed that AH° is independent of temperature. In 
this case eqn. (2 .11) can be written as
lnKs (T2) = lnKs (Tl) + AHO(T2 "T1 ) / RT1'r 2 (2 .12)
or
log.K°(T ) = log.K°(T ) + A H °(T -T_) / 2 .303 RT T (2 .1 3 )
S  Z  S _L Z  X JL Z
More information regarding the calorimetric technique is given in the 
experimental section of this thesis.
2.7 Enthalpies and Entropies of Metal(I) and Metal(II) Cations with 
Cryptands (22„2„, 222„ and 222) and Crown Ethers (DB18C6, B18C6D 13 ‘ D---------  ---  -----  ------  --------- -----
and 18C6 in Water and Non-Aqueous Solvents at 298.15 K. Literature 
Data
The heats of complexation of alkali metal cations and dibenzo
cryptand 222 at 298.15 K in methanol have been reported by Cox, Schneider 
156and Co-workers. The values reported in table 12 are the result of
calorimetric measurements carried out by using a TRONAC calorimeter, 
model 450. The results obtained with dibenzo cryptand 222 were compared 
with those for other cryptands. It was found that,like free energies, 
enthalpies for the corresponding complexation process are cation 
dependent. Thus, for cryptand 222(cavity size 2.8A) AH^ values for 
potassium and rubidium in methanol are about the same. As pointed out 
previously, the addition of benzene rings to the structure of cryptand 
222 decreases the size of the cavity of the ligand and therefore AH°
values for potassium are more negative than those for rubidium. Also,
the reduction in cavity size of the substituted cryptands results in a
closer contact between the cation and the donor atoms of the ligands.
Thus, for smaller cations, such as sodium, Ah ° values become morec .
negative in the sequence 222 , 22 2 . The closer contact between the
B B  B
cation and the electronegative atoms of ligands (exothermic process) is
offset by the energy required to expand the cavity (endothermic process)
+ + +m  order to accommodate the larger cations (K , Rb and Cs ). There­
fore, for these cations and the substituted ligands the overall AH° 
values are more positive.
By combining enthalpies of complexation with free energies of 
complexation, entropies of complexation were calculated. Results are 
recorded in table 13. The free energies of complexation were calcu­
lated from stability constants for the alkali-metal and dibenzocryptand
159222 xn methanol given for the same group of workers (see table 6).
It must be emphasised that although the value for the stability constant
’bof Lx and 22 2 in methanol of 2.3 is cited in table under ref.159, the
B B
. . . 48orxgxnal source xs from the paper by Lehn as pointed out by Cox,
156Schneider and Co-workers. The entropies of complexation, as
reported by these authors, seems to indicate that as the size of the 
. ocatxon xncreases, ASc values become xncreasingly more negative.
Smaller variations in AS° were observed for the substituted cryptands.
Entropies of cryptate formation, As° , for the processct
M+ (g) + L (s) -> M+L(s) (2.14)
were calculated. These authors found small variations in the calculated
AS° values (with cation and with the different cryptands) as compared cr
with the variation observed in the A s °  values. A systematic variation 
of AS°^ for the substituted cryptands was observed for sodium and 
potassium.
The kinetics of alkali-metal dibenzo cryptates in methanol was also
156discussed by Cox, Schneider and Co-workers.
For benzocryptand 222 and alkali-metal cations in methanol,
enthalpies of complexation data are again those given by Cox, Schneider
and Co-workers. ^ 60 In this paper, enthalpies as well as entropies for
process (2.14) were calculated. Enthalpies of cryptate formation were
found to follow the same trend as enthalpies of solvation AH° ,solv.
This trend was not observed in the values. The changes in the
oAS values were attributed to the loss of conformational freedom of cf
the ligand upon complexation and to the entropy of the solvator.
Assuming that the complexes were rigid, the latter contribution could be
expected to be constant and therefore variations in the AS° valuescf
were attributed to variation in the loss of conformational freedom,
this being more pronounced for the potassium benzocryptate complex than
for the other cryptate complexes. Kinetic data were reported and
discussed by these authors.
Enthalpies of complexation data of metal cation and cryptand 222
in a number of solvents are available in the literature as can be
appreciated from the table (12). The major contribution in this area
93 96 97 99 176has been made by Danil de Namor and Co-workers. ' ' ' ' No data
on the enthalpies of complexation of metal cations and substituted
cryptands (22 2 and 222 ) in water are available in the literature,
B  B  B
which must be due to the relatively low solubility of these ligands in 
water. This is not the case for cryptand 222. This ligand is highly 
soluble in water and in most non-aqueous solvents.
Enthalpies of protonation of cryptand 222 in water at 298.15 K 
which corresponds to the process
222(H20) + H O  * 222H+ (H20) (2.15)
222H+ (H20) + h3°^^ H+222H+ (H20) (2.16)
, , . _ . 177,178,180have been reported by several workers.
As explained before, it is believed that in solution, cryptand 222
can adopt three conformational forms depending on the position of the
nitrogen atoms in the ligand. These are known as o u t - o u t , - i n - o u t and
o u t - o u t .  Taking into account the thermodynamic parameters for the
177protonation of cryptand 222 in water, Schwing-Weill and Co-workers
suggested that in step (1) the proton is contained in the cavity of the
ligand either in the - i n - i n  or in the i n - o u t  form and in the step (2)
both protons are within the cavity of the ligand (i n - i n  form). On the
178other hand, Morel-Desrosiers and Morel suggested the o u t - o u t  form of
179the cryptand for the step (1) and the x n - o u t  form for step (2).
Enthalpies of protonation of cryptand 222 in water at 298.15 K are given
in table (12) and corresponding entropies in table (13).
180Anderegg has reported the thermodynamic parameters for the
+ + + + + 2+ 2+ complexation of a number of cations (Na , Ag , K , Tl , Rb , Hg , Cd ,
2 1Ca , Pb , Sr and Ba ) and cryptand 222 in water at 298.15 (see
tables 12, 13). Complex formation was discussed in terms of AH° and
AS° taking into consideration the size of the cations, c
181In 1976, Lehn and Co-workers reported data for the enthalpy and 
entropy of complexing of alkali and alkaline earth cations with macro- 
cyclic cryptands, including cryptand 222 in water at 298.15 K. These
authors concluded that both the enthalpy and entropy of complexation play 
an important role in the stability and selectivity of the cryptate 
complexes. Enthalpies and entropies of cryptate formation (eqn. 2.14) 
were calculated. A careful analysis on the enthalpy and entropy con­
tributions to cryptate stability was done by Lehn and it was concluded 
that the stability of a complex as reflected by a favourable Ag ° (negative 
values) can result from four combinations of the enthalpy and the 
entropy parameters. These are:
a) Ah° (-) (dominant) and TAS° ( + ) which means favourable in enthalpicc c
and entropic terms, but enthalpy controlled.
b) AH° (-) and TAS° (-) which is enthalpically favourable but not 
entropically; therefore the process is enthalpy controlled.
c) TAs° (doroinant) and AH° (-) which is entropically and enthalpi­
cally favourable, but entropically controlled.
d) TAs° an<^  (+ ) r which is entropically favourable but not
enthalpically favourable; therefore the process is entropically controlled. 
Depending on ligand and cation these four types of complexes were found.
It was pointed out in Lehn's paper that the enthalpies of complexation 
contain:
i) The variation in nature and energy associated with bond formation 
between the cation and either the ligand or the solvent molecules in the 
first hydration layer.
ii) The Born term.
iii) The change in interbinding site repulsions
iv) The solvation of the ligand, and
v) The steric deformation of the ligand upon complexation.
As far as entropies of complexation are concerned, there are a
number of factors which contribute to the overall value for the entropy.
Among these factors are (1) the hydration entropies of the metal cation
and the ligand, (2) the changes in ligand internal entropy resulting
from the orientation, loss of flexibility and conformational changes of
the ligand and (3) the changes in the translational entropy. In
+addition to these, the conversion of a single cation M into a hydro-
*fphobic cation (M L) will result in a loss of entropy.
A comparison in stabilities of the macrobicyclic complexes with
respect to the macromonocyclic complexes was done by Lehn and Co-workers
and it was concluded that the high stability of the cryptate complexes
(hence AG°) or cryptate effect was enthalpically controlled, since the
selectivity peaks observed in the enthalpies of complexation (AH°) werec
not observed in the As° values for these cations in their reaction withc
4* 4“ 4“cryptands. Enthalpies of complexing of alkali-metals(Li , Na , K ,
4* 4"Rb , Cs ) and cryptand 222 in water together with corresponding entropies
93have been reported by Abraham and Danil de Namor. Results are also
included in tables (12) and (13).
Enthalpies of complexation of metal(I) cations and cryptand 222 in
93 96 132 130methanol at 298.15 K have been reported by several workers. ' ' ’
- 1It must be noted that differences of about 1 kcal.mol are found
93 96between the values given by Danil de Namor and Co-workers ' and the
182most recent data given by Buschmann. It should be emphasised that
it is difficult to assess the reliability of the data published by the 
latter worker. In his paper nothing was mentioned about the method 
used for the purification of methanol or whether or not the reliability 
of the Tronac 450 was tested and, if so, what was the standard reaction 
used. As far as these results are concerned, neither standard
deviation of the AH° data, nor the number of measurements carried outc
for each system, were specified.
Enthalpies of complexing of alkali-metal and alkaline-earth metal 
cations and cryptand 222 in 95% methanol at 298.15 K have been reported 
by Lehn e t  aZ.184
o + +It is interesting to observe that the AH values for Na and Csc
with cryptand 222 in 95% methanol do not differ from the results obtained
for the same cations and the same ligand in the pure solvent.
-1Differences of about 2 kcal.mol (see table 12) are observed between
l O *4“ +the AH^ values of K and Rb in the hydrated and pure solvent respectively.
Entropies for the corresponding process in 95% methanol as reported 
181by Lehn e t  a l  are presented in table 13.
Most of the data reported on enthalpies and entropies of complexation
of alkali metal and silver cations with cryptand 222 at 298.15 K in the
dipolar aprotic solvents (DMF, DMSO, AN, PC, NM and BN) have .been reported
96 97 179by Danil de Namor and Co-workers ' ' (see tables 12-13).
97In terms of enthalpy, Danil de Namor and Ghousseini found that 
among the dipolar aprotic solvents, the complexation of a given cation 
with cryptand 222 is more favoured (Ah° more negative) for those cations 
which are enthalpically less stable in these solvents {AH^fM ](H20*s) 
more positive). In addition, when the stability as expressed in terms
O "bof enthalpy of a given cation is similar in two solvents {AH^tM ] (s^s^^O) 
almost identical enthalpies of complexing are obtained. These authors 
found a linear correlation when differences in the enthalpies of com­
plexation of a given with cryptand 222 in a dipolar aprotic solvent
(B = DMF, DMSO and AN) and corresponding data in PC, (A = .reference
o +solvent), were plotted versus the single-ion AH^tM ] values for transfer 
of that cation from PC to any solvent B. The single ion data being
based on the Ph^AsPh^B convention. A straight line with unit slope 
and almost zero intercept was calculated.
Therefore, the following correlation
AH°(B) - AH°(A) = -AH°[M+](A+B) (2.17)c c t
was valid among the dipolar aprotic solvents. The same correlation was
98also shown m  terms of free energies. Correlation (2.17) has been
.successfully used for the calculation of single-ion values for the alkali 
\ . 99metal cations from PC to NM and to benzonitrile from complexation
data for these cations and cryptand 222 in these solvents. Therefore,
correlation (2.17) has been most useful for determining single-ion 
O 4*Ah [M ] values since these values could not be derived from heats of t
solution data. This is because most electrolytes containing alkali- 
metal and silver cations are not soluble enough in these solvents. In 
addition, the rate of dissolution of some of these electrolytes in these 
solvents is slow. The two latter observations are indeed serious 
limitations for measuring the enthalpies of solution for these salts in 
these solvents with the equipment currently available.
183The linear correlation shown recently by Danil de Namor between
the entropies of complexation, As°, of cryptand 222 with metal ( I )
cations and cryptand 222 in non-aqueous solvents and the entropies of
solvation, AS° „ of these ions in these solvents will be discussed solv.
further in the final part of this thesis.
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Table 12
S o lv e n t
MeOH
MeOH
MeOH
95% MeOH 
DMF
DMSO
AN
PC
NM
BN
H2°
95% MeOH
E n th a lp ie s  o f  complexing o f  m e ta l ( I )  and m e ta l ( I I )  c a t io n s  with dibenzocryptand 222, benzocryptand
222 and cryptand 222 in water and in  non-aqueous s o l v e n t s  a t  298.15 X.
D ib e n z o cry p ta n d  222
Monovalent  c a t io n s
L i
B en zocryptand  222
- 1 0 . 1 5
- S . 45
_ a ,b
AH / k c a l  mol
,a,b - 12.Sa ,b
- 1 5 . 6 i a ,C  - 1 3 . 7 9 a,C
Ag T1
C ry p ta n d  222
a H
- 8 . 3 9 ( 1 )
- 4 . 4 9  ( 2 ) 6 ' °  
-10.8 (1)6’r 
- 4 . 4 9 ( 2 ) e , r  
- 1 1 . 4 0 ( 1 ) S 
-4.30(2)S
- 1 2 . 3 8 ( 1 )
-12.88(2)e ,d
-1 .4 0
0.17
- 1 . 7 2
a ,b
- 1 .6 5
-0.886
- 1 1 .2 4 "
- 7 . 4 a ,h
Ia ' 
- 7 . 6 2
7 .4
r '■
67a '9 
- 9 . 5 1 £
- 1 0 . 6 7
a ,  r
-10.6
- 9 . 5 5 *
a ,h
- 1 0 . 6 7
- 7 . 1 2  ' - 1 4 . 5 7 a , k
- 8 . 7 0 a , k  - 1 5 . 3 1 a ,k
- 1 4 .1 3 a ' 1 - 2 0 . 4 9
-1 5 .8 0
a, 1 
a rm
- i l . 4 7 a ,h  - 1 1 . 7 7 a ' 9
- 1 1 . 5 7 a ' 9 - 1 1 . 8 0 a ,n
a ,h- 1 1 . 4 0
- n . o a' f
4a,g 
- 1 7 . 9 2 * ' ’
-1 7 .0 4  ' 
.a ,  r
- 1 9 . 0 a ' h
- 1 3 . 0 3 3 ' 3
- 1 2 . 6 7 e ' 3
- 1 4 . 623 ' 1
- 1 4 . S B * ' 3
- 1 7 . 7 1 ® ' 3 
,a,k-1 7 .0 4 "
- 1 6 . 5 4
- 1 7 . 1 8
e ,  f  
a , k  
. a ,  1
-19 .01
- 1 1 , 8 0
a ,  f
, a ,g  
- 1 7 . 3 7 a ' ]
- 1 7 . 8 4  ' 
, a , r
- 1 9 . 6
- 1 3 . 2 4
„a ,h
a ,  1
- 1 4 . 1 4
a , k- 1 6 . 7 8
- 1 6 . 3 0
a ,k
- 1 7 . 9 5
- 1 7 . 7 4 c
a , l
- a . i g 3 ' 9 - 1 2 . 8  ' - 1 3 .
- 12.Sie' 3
-11.93 
- 11.86a,r
-1 1 .9 a ,h
a ,  1- 7 . 4 0  
-8.5Qd11 
- 1 0 . 4 0 a ' k
- 9 . 8 6 a ,k
-1 2 .2 9  
-11.88°
a ,  1
- 2 0 . 5 0 e ' 3 
- 1 8 . 303 ' 1
-15,  
-13. 
-12, 
-11, 
-1 3 .  
- 12, 
-2 3 .  
-23 .
68a'
48®'
29a'
44®'
o3e' 3
78 
78e ' j  
15
a ,  k 
e ,  j  
a , k
- 1 4 . 2 0  '
.a ,  f
- 1 5 . 8 0 e ' 3
B i v a l e n t  c a t i o n s
C ry p ta n d  222 
2+Ca
- 0.2
- 0.2
a ,  h
e ,  f
- 0 . 5 0
- 0 . 6 9
n ,p
,n,q
- 6 . 6 0
- 1 0 . 3
- 10.6
a ,h  
e ,  f
- 1 4 . 1 0 a ,h
2+
- 1 4 . 1
- 1 4 . 3
a ,h  
e , f
-20.10a ,  h
0 .5
Cd2+
e , f
Hg2+
- 1 5 . 9 5 *
2+Pb
- 1 3 . 8  '
3 C a l o r i m e t r i c  method b Ref (156) °  Ref (160)  d Ref  (177)  *  P o t e n t io m e t r ic  method f  R ef  (1B0)
9 R ef  (93)  h R ef  (181) 1 Ref (96)  3 Ref  (91) k Ref (97) 1 Ref (99)  m Ref (176)
n K i n e t i c s  P Ref (189)  9 Ref (196) r  Ref (182) S Ref (178)
Table 13
S o lv e n t
MeOH
MeOH
H2°
MeOH
95% MeOH 
DMF
Me ^  30
AN
PC
NM
BN
H2°
95% MeOH
a Ref (156)
lo g K v a lu e s  s
f  Ref (181)  
m Ref (176)
E n t r o p ie s  o f  co m p le x a t io n  o f  m e ta l  ( I )  and m e ta l  ( I I )  c a t io n s  w i t h  d ib e n z o  c ry p ta n d  222, be nzo cry p ta n d  
222 and c ry p ta n d  222 i n  w a te r  and non-aqueous s o lv e n t s  a t  2 9 8 .15  K. R e s u l ts  a re  g iv e n  in  c a l  K_1 
mol- 1  (1 c a l  = 4 . 1 8 4 J ) .
M on o v a len t  c a t i o n s
D ib e n z o c ry p ta n d  222
+ .+ + + + + + 1  
H Lx Na K Rb Cs Ag T l
B en zocryptand  222
0 .7  - 1 3 . 1  - 1 5 . 9  - 1 8 . 9
- 1 0 . 3b - 1 3 . 4 '
C ry p ta n d  222
3 . 2 ( 1 ) "  - 6 C - 1 1 . 5C - 2 0 . 9 °  1 . 1 °  - 1 4 . 8 °
1 3 . 4 ( 2 ) C - 7 "  - 1 4 . l f  - 1 9 . 8 *
1 7 . 6 ( l ) d l 9 - 7 . 4 9 - 1 3 . 8g - 2 0 . I 9 - 1 0 . e9 1 . 0 9 - 1 5 . O9
1 9 . 4 ( 2 ) d 
5.7(1)8 
1 8 . 8 ( 2 ) 8
7 . 5 ( 1 ) d 1 2 . 5 9 0 . 5 9 - 8 . 79 - 1 8 . 99 - 1 9 . 9 9 - 1 2 . 9h
- 1 . 9 ( 2 ) d 6 . 3 1 4 . 5 j  - 1 2 . - 1 6 . 8 *  - 2 1 . 9 :  - 5 . 6 1
- 2.6f
- 4 . 4  - 6 . 4 ’  - 1 3 . 6  - 1 5 . 1  - 0 . 7 ’  - 1 7 . 9
- 7 . 4 1 - 6 . 6 1
- 1 1 . 3 1 - 1 7 . 09 - 2 1 . 0 1 - 2 2 . 0 1 - 5 . 7 9
- 1 7 . I 1 - 8 . 2 1
8 . 1 *  - 4 . 8 *  - 1 0 . 59 - 1 2 . 8k - 1 4 . 1 *  - 2 . 6 9
- 6 . 8 *  - 1 . 3 *
2 . 6 *  - 3 . 1 *  - 4 . 8 9 - 1 3 . 4 *  - 1 4 . 3 *  - 4 . 0 9
- 6 . 6 *  - 3 . 0 *
5 . 2 1 - 6 . 7 1 - 6 . 8 1 - 1 3 . I 1 - 1 7 . 9 1
. .m „ _m , ,,m _ _m „ _m _ m4 .1  - 0 . 7  - 4 . 0  - 9 . 2  - 9 . 7  - 2 . 0
B i v a l e n t  c a t io n s
C ry p ta n d  222
Ca2+ Si'2+ Ba2+ Cd2+ Hg2+ Pb2H
2 0 . 2C 2 . 2 °  - 3 . 7 °  3 2 . 9 °  30°  1 0 . 1C
1 9 . 5 f  2 . 0 f  - 4 . 0 C
1 8 . 9 °
1 7 . 9P
1 2 . 6 f  5 . 2 3 f  - 1 2 . 7 5 f
b Ref (160)  c Ref (180 )  d Ref  (177)  8 Ref  (178)  AS° v a lu e s  were c a l c u la t e d  u s in g
f o r  th e  mono ( I )  and d i p r o t o n a t e d  ( I I )  forms o f  c ry p ta n d  222 g i v e n  in  R ef  ( 1 9 0 ) ,  see t a b l e  
9 Ref  (93) h Ref  (91)  1 Ref (96) j  R ef  (182) *  Ref  (97)  1 Ref (99)
n Ref  (189)  P Ref (196)
2 . 8  E n t h a l p i e s  a n d  E n t r o p i e s  o f  C o m p l e x a t i o n  o f  M e t a l ( I )  a n d  M e t a l ( I I )
Cations with Crown Ethers (Dibenzo-18-Crown 6 , Benzo 18 Crown 
and 18 Crown 6) in Water and in Non-Aqueous Solvents at 298.15 K.
Data reported in tables (14) and (15) on enthalpies and entropies of
complexation of cations with DB18C6 and 18C6 in the various solvents are
those found in the literature and are referred to a temperature of
298.15 K. No data were found for the thermodynamic parameters (AH° and
AsS) of metal cations and benzo 18 crown 6 in water or in non-aqueous
media.
Thermodynamic parameters of complexation of a number of crown ethers,
including 18C6 in water have been reported by Christensen, Izatt and Co- 
147workers. In this paper, the selectivity of the different crowns
towards uni and bivalent cations in water was considered. For 15C5 
it was found that the strength of complexation (as shown by the thermo­
dynamic data) with respect to 18C6 is reduced due to the lower number of 
donor atoms in the former ligand. The higher stability (in terms of 
Ag ° and Ah°) observed for K+ and 18C6 with respect to any other alkali- 
metal cation was attributed to the match between the size of the cation 
and the cavity of the ligand. Favourable Ag° values result from 
enthalpy contribution. An unfavourable (-) entropy is observed for most 
of the cation-coronand complexes.
4* 4-The 18C6 ligand shows different affinity for Tl^dRb , which are 
cations of similar size and this was explained in terms of the higher
polarizability of Tl+ with respect to Rb+ which results in an increase
* 4 ,of stability for the complex formed between TI and 18C6 with respect to
4~the Rb complex. As far as the thermodynamic parameters of complexation
of metal(II) cations and 18C6 are concerned, among the alkaline-earth
metal cations the higher stability (in enthalpic terms) was observed for 
2+the Ba 18C6 complex in water.
2+ 2+Consideration of post-transition cations such as Hg and Pb 
o 2+shows that the Ah^ values for Pb and 18C6 in water are higher (more
o 2+exothermic) than the corresponding AH^ value for Hg and 18C6. The
2+ + situation with Pb is analogous to that of Tl in that both cations
10  2have d s configurations.
184A very interesting paper has been published by Michaux and Reisse
• • "h *4“on interactions between 18C6 and Na and K cations in water and in
methanol. These authors measured AG° and Ah° in order to deduce thec c
entropy parameter for the reactions
M+ (s) + L (s) -> M+L(s) (2.18)
M+L(s) + L(s) + M+L2 (s) (2.19)
s = H20 or MeOH and L = 18C6, 15C5 and 12C4. Thermodynamic parameters
+ +for processes (2.18) and (2.19) were given for 15C5 (K and Na ) and for
12C4 (K+ and Na+). The AH° and AH° for these reactions were obtainedc c
1 2
by measuring the heat of dissolution of the crown (Q) in the electrolyte
solution. These were calculated using the relationship,
Q = <5h+ (a + a_) AH°(1) + a AH° (2) (2.20)2 2 c 2 c
where SH is the molar specific heat of dissolution of the crown in the
pure solvent and L and L2 are the molar fractions of the 1:1 and 2:1
complexed crown ethers. L and L2 were calculated by using Kg and K
S1 S2
values determined by potentiometric titrations, 
o oFrom the AH and AS values it was concluded that c c
i) The selectivity of a crown towards a given cation is enthalpy 
controlled
ii) For the three crown ethers considered, the more negative AH valuesc
were found for K and
iii) The decrease in ring size of the crown leads to a decrease in the 
oAH for each cation, c
. o -1Thus, Ah values of -12.70, -7.70 and -5.10 kcal.mol were found for c
18C6, 15C5 and 12C4 respectively in their complexation reaction with the 
+ . ,K cation in methanol. Taking into account the various phenomena which 
are likely to occur upon cation complexation with crowns, these authors 
emphasised the importance of the role of the solvent during the com­
plexation process and they presented a quantitative interpretation about
» * 4- +the interactions of 18C6 with Na and K . It was concluded that inter­
actions are stronger for Na+ than for K+ and that the thermodynamic 
parameters of complexing cannot be correlated with the match between the
size of the cation and the cavity size of the ligand as suggested by
• O 4* 4*previous workers. In general, the AH values for 18C6 and Na and Kc
184m  methanol given by Michaux and Reisse are in good agreement with
164those reported by Ling. This worker has reported enthalpies and
entropies of complexation for all the alkali-metal cations in methanol.
O O 4* 4"In addition to it, AH and As values for Ag and N H . with 18C6c c 4
in methanol was reported by Ling. The AH° values for these two cations
and this ligand in methanol are higher than those published by Christensen 
138and Izatt. It is quite clear that a detailed analysis on the
complexation process between cations and crown ethers in the different 
solvents requires more data on enthalpies and entropies of complexation 
of cations and crowns in a variety of solvents.
2 . 9  A i m s  o f  t h e  p r e s e n t  s t u d y
From the practical point of view, dibenzocryptand 222 and dibenzo 
18 crown 6 are interesting ligands since both ligands have been used 
as anchor groups in polymeric resins which are extensively used in 
separation and extraction processes. Thermodynamic data on interactions 
between the monomer and metal cations in different reaction media are 
useful data in the interpretation of equilibria data involving polymeric 
resins.
The literature survey covered in the Introduction of this thesis 
reveals that the research done with dibenzocryptand 222 and dibenzo 18 
crown 6 has been mostly limited to stability constant measurements from 
which free energies of complexation have been derived. This parameter 
is undoubtedly the most relevant thermodynamic parameter as far as 
separation and extraction of metal cations involving macrocyclic ligands 
are concerned. However, a thorough interpretation of the complexation 
process requires enthalpy and entropy data.
The aim of this work is to determine the thermodynamic parameters
(free energy, enthalpy and entropy) for the complexation of a number of
Hh -hmetal cations (Li , Na , K , Rb , Cs and Ag ) with dibenzocryptand 222 
in a number of dipolar aprotic solvents (N-N dimethylformamide, dimethyl- 
sulphoxide, propylene carbonate, acetonitrile and nitromethane). The 
potential use of this ligand in the determination of single-ion values 
among dipolar aprotic solvents will be evaluated.
Due to the low solubility of dibenzocryptand 222 in water, thermo­
dynamic parameters for the process involving the transfer of a given 
cation from the aqueous phase into the organic phase followed by the 
complexation of this cation with the macrocyclic ligand in the organic
phase will be calculated for the water-nitromethane solvent system.
An analysis of the existing data on stability constants of metal(I)
cations with dibenzo 18 crown 6 in water and in nonaqueous solvents
will be done. Thermodynamic parameters of solution (AG°, AH° ands s
As°) of dibenzo 18 crown 6 in a number of dipolar aprotic solvents 
(DMF, DMSO, PC, AN and NM) will be obtained and the results will be 
compared with corresponding data for dibenzocryptand 222 at the same 
temperature. Attempts will be made to measure calorimetrically 
heats of complexation of metal(I) cations and dibenzo 18 crown 6 in 
a dipolar aprotic media, in order to draw some conclusions on the 
behaviour of these two complexing agents in dipolar aprotic media. 
The transfer free energy of the complexed cations from water to the 
various solvents will be calculated.
8 2 .
Table 14 E n th a lp ie s  o f  complexation o f  m e ta l ( I )  and metal (II)  c a t io n s  with dibenzo 18 crown 6, benzo 18
crown 6 and 18 crown 6 in  water and in non-aqueous s o lv e n t s  a t  298.15K. R e su lt s  q iven in
kcal  mol 1 (1 c a l  = 4 .184  J ) .
S o lv e n t
MeOH
DMSO
AN
M on ovalen t  c a t i o n s
D ibenzo  18 crown 6
.+ 1 L i  Na
- 7 . 5
a ,  b
- 3 . 4 d ,e
a ,  b- 9 . 6
' 5 .  3
Rb Ag T l
18 crown 6
DMSO
DMF
AN
Py
- 2 . 2 5 a ' f - 6 . 2 i a ' f
- 5 . 6 a ' g
- 3 . 3 2 a , f - 3 . 7 9 a ' f ,  , ..a, £-2 .1 7
- 2 . 3 a ' i - 8 . 4 a ' 3 - 1 3 . 4a ' 3 - 1 2 . i a ' j - 1 1 . 3 ( 1 ) 3 7 3 - 9 . i a , j
- 0 . 4 2 a ' P - 7 . 5 a ' g - 1 2 . 7 a ' 9 - 1 1 . 9 a ' n - 3 . 3 ( 2 ) a ' 3 - 9 . 6 6 a ' P
- 8 . i a ' n - 1 3 . i a ' n - 1 2 .  23 ' P - 1 1 . 9 a ,n
- 7 . 6 6 a ' P - 1 3 . 0 a ' P - 1 2 . 2 7 a ,P
d ,e
a , p- 7 .7 2
a , p- 8 .8 2
- 5 .8 ( 2 ) l,m
, , , a , f  -4 .4 4
- , . d , h
- 3  . 2 b
- 9 . 3 * " '
-1 0 .3 8 a ,p
B i v a l e n t  c a t io n s  
Dib en zo  18 crown 6
Ca 2+ Sr 2+
- 5 . 1  '
Cd Hg2+ Pb
18 crown 6
- 3 . 6 1 " ' *  -7 .5 E
- 2 . 7 4 a ' 3 - 8 . 6 0 a ' 3 - 1 0 . 4 0 a ' 3
. a ,  f . „  , - a f f-4  . b9 - d .16
a C a l o r i m e t r i c  method b Ref (165) C Ref (154) ^ P o te n t io m e try  8 Ref (17 3)  ^ Ref. (147
9 Ref (184)  h R ef  (219)  1 Ref <34 ) 3 Ref (138)  *  Ref (227) 1 NMR m Ref (225)
n R ef  (182)  P Ref  (164)
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Table 15 E ntropies o f  com plexation of  m e ta l ( I )  and m e t a l ( I l )  c a t io n s  with dibenzo 18 crown 6, benzo 18
crown 6 and 18 crown 6 in water and in non-aqueous s o lv e n t s  at  290.15 K m ca l  K 1 mol 1
(1 c a l  = 4 .184 .!) .
S o lv e n t
MeOH
DMSO
AN
M o n o v a le n t c a t io n s
D ib e n z o  18 c ro w n  6
, + dL i  Na
- 4 .  53 
U . 4 C
K
-8.ec
-e.e1
Rb Ag TX
18 c ro w n  6
MeOH
DMSO
DMF
AN
Py
7 .9 8
- 3 . 7
-8. 2C' 
- 5 . 2 *  
- 7 . 6 j 
-s . ik
231
- 1 1 . 4
- 9 . 0
- 1 7 . 3
- 1 4 . 4
- 1 5 . 4
- 1 5 . 7
- 1 0 . 9
- 1 2 . 3
-5 .7
- 1 6 . 2 -
- 1 3 . 2 -
- 1 6 . 8 0
-15.9(1)
,9
- 9 . 7 '
1.7(2) -10.8
- 1 9 . 8 -
-4 .5
- 9 . 3
- 2.2
- 1 5 , 5
- 1 0 . 7 ( 2 )
B iv a le n t  c a t io n s
MeOH
D ib e n z o  18 cro w n  6
2+ S r Da
2.6
2+ Cd Hg2+
18 c ro w n  6
0 .3 !. 2
9 .7
MeOH 8 . 5 - - 2 .7 -
Ref  (165)
Ref (227)
Ref  (154)  Ref  (173)  Ref 1147)
j  -  .  --------  k
f  g
Ref (184) Ref (2191 Ref  d 3g)
Ref (225) Ref (182) Ref (164)
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Chapter 3. Experimental Part
3.1 Purification of solvents
ACETQNITRILE (BDH reagent 98% purity) was left overnight with 
then the mixture was decanted and treated again with fresh p4°-j_q* Tlie 
solvent was then purified by fractional distillation in the presence of 
P4°1 0’ Tbe fraction of distillate was collected and used
immediately. If not, the purified solvent was stored in a dry box in 
the dark. The content of water was checked by gas liquid chromato­
graphy (glc) and Karl Fischer titration and found to be less than 0.004%.
N,N DIMETHYLFORMAMIDE (BDH reagent, 98% purity) was passed slowly 
through a column containing 4A molecular sieves. The column was 
wrapped with a heat belt at 100°C. This operation was repeated several 
times in order to facilitate the removal of water from the solvent.
Then, the solvent was distilled twice under nitrogen at reduced pressure. 
Only the middle fraction of the distillate was used. The water content 
of the solvent as measured by glc and Karl Fischer titration was found 
to be less than 0.03%.
DIMETHYLSULPHOXIDE (BDH reagent 98% purity) was passed slowly through a 
column containing 4A molecular sieves. The column was again wrapped 
with a heat belt at 100°C. This was done several times. Then, the 
solvent was distilled twice under nitrogen at reduced pressure. The 
middle fraction was only collected. The water content of the solvent 
was checked by glc and Karl Fischer titration and found to be less than 
0.04%.
NITRQMETHANE (Fluka) This solvent was treated in a similar way to 
that described for N-N dimethylformamide and dimethylsulphoxide, except 
that the column was wrapped with a heat belt at 80°C. The solvent was 
purified twice by fractional distillation. The middle fraction was 
collected for use in the experimental work. Water content was checked 
by glc and Karl Fischer titration and found to be less than 0.05%.
PROPYLENE CARBONATE (Aldrich Chem. Co. with purity 98%) was passed very 
slowly through a column containing 4A molecular sieves. The column 
was wrapped with a heat belt at 100°C. This operation was done several 
times. The solvent was distilled under nitrogen at reduced pressure 
in the presence of dried CaSO^. The middle fraction of the distillate 
was collected. The water content of the solvent was checked by glc 
and Karl Fischer titration, and found to be less than 0.008%.
The physical and chemical properties of the solvents used in this work 
are given in table 16.
Table 16. Physical and chemical properties of the solvents used in this
work. N,N dimethylformamide (DMF), dimethylsulphoxide (DMSO), 
acetonitrile (AN), propylene carbonate (PC) and nitromethane NM)
DMF DMSO AN PC NM
Molecular weight 73.10 78.55 41.05 102.98 61.30
Freezing temperature/°C -61.0 18.55 -45.7 -49.2 -28.5
Boiling temperature/°C 153 189 81.6 241.7 101.2
Relative permittivity(e) 36.7 46.7 36.0 64.92
— 3Density (g.cm ) 0.9443 1.0957 0.7766 1.1980
Viscosity (centipoise) 0.7960 1.9960 0.3409 2.530
Note Physical Chemistry of Organic Solvents Systems by A.K. Covington and 
T. Dickinson (Plenum Press, London, 1973).
Kryptofix 22 2 (commercial sample, Merck) was used without further 13 J3
purification, dried in vacuo and stored in a desiccator over CaCl2 in 
the dark.
Dibenzo 18 crown 6 (Aldrich) was recrystallised twice from benzene. 
The crystals were dried for three hours in vacuum oven (0.1 mm Hg, 343 K) 
The melting point measured was of 436 K which is in good agreement with
4the value of 437 K given in the literature . Microanalysis on the 
sample was carried out at the University of Surrey. The calculated 
values (66.65%C; 6.71%H) agree well with the values found (66.48 %C;
6.62 %H) .
The inorganic salts used were LiClO^ (BDH); NaCl04, RbClO^, CsClO^ 
and AgClO^ (all Ventron) and tetra-n-ethylammonium perchlorate;
(C2H^)4NCIO4 (Fluka). All salts were dried under vacuum for two days 
before use.
18 crown 6 (Aldrich Chemical Co., 98% purity) was purified by the
freezing technique. A few grams of the sample vere placed in a special
tube and then the sample was heated until reaching the liquid state.
Then it was very slowly cooled until reaching its melting point (36.5°C).
This procedure was twice repeated.
The purity of 18 crown 6 was determined by differential scanning 
229calorimetry, which consists of measurements of the heat capacity of a 
substance just below its melting point, since the apparent heat capacity 
of an impure substance shows a rapid increase below the melting point. 
This phenomenon! is called 1 premelting1 since it can be attributed to 
absorption of heat as a result of the melting of a portion of substance. 
The method is accurate only for substances over 98% pure and does not 
measure impurities which are soluble in the solid phase or insoluble in
3 . 2  C h e m i c a l  r e a g e n t s
t h e  m e l t .  T h i s  m e t h o d  c a n n o t  b e  a p p l i e d  t o  s u b s t a n c e s  w h i c h  d e c o m p o s e
a t  t h e i r  m e l t i n g  p o i n t s  o r  h a v e  h i g h  v a p o u r  p r e s s u r e s .  T h e  m e t h o d  i s
b a s e d  o n  t h e  f o l l o w i n g  e q u a t i o n  w h i c h  i s  d e r i v e d  f r o m  V a n ' t  H o f f ' s  l a w
mole fraction of the impurity in the liquid phase 
fraction melted
equilibrium melting temperature (K) 
equilibrium melting point of the pure substance (K) 
gas constant
- 1melting enthalpy of the pure substance in cal mol
The percentage of impurity is given by
100 x AH x AT
mol % impurity =     (3.1a)
RT O
where At is the melting point depression.
3.3 Solubility measurements
An excess of Kryptofix 22 2 or dibenzo 18 crown 6 was agitated withB B
the appropriate solvent for several days at the required temperature.
Mixtures were allowed to settle and aliquots portions of the saturated
solution were taken for analysis.
The solubility of 22 2 in water at 298.15 K was determined by using
B B
two different analytical techniques, namely the gravimetric and spectro- 
photometric techniques. For the former method, the sample of the 
saturated solution was evaporated to constant weight. Separate blank
Where x 2 = 
f =
T = s
T = o
R =
AHf =
e x p e r i m e n t s  showed t h a t  t h e  s o l v e n t  c o n t a i n e d  no I n v o l a t i l e  m a t e r i a l .
For the latter method, readings of the absorbance of the solution at a 
wavelength of 277 nm were taken, using a PYE Unicam spectro­
photometer.
The solubility of dibenzo 18 crown 6 in water at the different
258temperatures (288.15, 298.15, 308.15, 318.15 K) was determined by 
using the spectrophotometric technique. The wavelength of maximum 
absorption was at 276 nm.
The solubility of dibenzo 18 crown 6 in nitromethane at 298.15 K 
was determined gravimetrically. Further details are under Results and 
Discussion.
3.4 Determination of the Transfer Free Energy of Dibenzo Cryptand 222 
in the Water-Nitromethane System at 298.15 K.
The transfer free energy of dibenzo cryptand 222 in the water-
nitromethane solvent system at 298.15 K was obtained by an indirect 
93method which consisted in the combination of Kt values for the
hexadecane-nitromethane and those for the water-hexadecane solvent
132system at 298.15 K reported m  the literature
22 2 (Hex.) 22 2 (NM) (3.2)B B B B
22B2B (H20) * 22B2B (HeX-> (3*3)
In order to do so, the solvents hexadecane and nitromethane were mutually 
saturated before use. A solution of dibenzo cryptand 222 in nitro­
methane saturated with hexadecane was prepared. The amount of 22^2^ 
was quantitatively evaluated by titration with HC1 0.2 M in the presence
of bromocresol green as indicator according to the method suggested by
230Heumann and Schiefer. An accurately known volume of dibenzo cryptand
222 solution in nitromethane was added to a test tube containing a known
volume of hexadecane saturated with nitromethane. The mixture was
shaken and allowed to equilibrate in a thermostatted water bath for
several hours at 298.15 K. The two solvents were separated and the
amount of dibenzo cryptand 222 in both phases was analysed three times
by the method indicated above. Combination of this data with literature 
132value for this cryptand in the water-hexadecane solvent system at 
298.15, yields the Kt value for dibenzo cryptand 222 in the water- 
nitromethane system.
3.5 Potentiometric measurements of Stability constants at 298.15 K.
The stability constants (log K ) for the process described by eqn.s
(2 .1) involving alkali-metal and silver cations with dibenzocryptand 222 
in N-N dimethylformamide, dimethylsulphoxide, acetonitrile, propylene 
carbonate and nitromethane were measured using the potentiometric 
titration technique described by Cox and Schneider and Co-workers.93''3'33''3'66 
The potentiometric measurements for the stability constant were carried out 
using the following electrochemical cell,
I  o —3 —3 4*Ag/Ag , x mol dm 110.1 mol dm Et^NClO^||x mol dm Ag /Ag (3.4)
reference half cell bridge salt test half cell
The electrochemical cell described by (3.4) consists of two silver 
electrodes immersed in a solution of silver salts of different activity.
The two half cell being separated by a bridge salt.
take the potential readings. For stability constant measurements, the
detecting electrode was immersed in a solution of known concentration
of silver. This gave the first reading on the potentiometer of the
initial cell potential (E^ in mV). The concentration of silver in the
titration cell was always less than the concentration of silver in the
reference half cell. A known volume of dibenzo cryptand 222 in the
appropriate solvent (22 2 ) in excess of the silver concentration,B B S
Ag (s) was added to the test cell. This resulted in the formation
+of the silver dibenzocryptate (Ag 22 2 ) complex. Eqn. (2.1) may beB B
written as
1 2
A 9 P H M 8 2  r a d i o m e t e r  o f  i m p e d a n c e  g r e a t e r  t h a n  1 0  A w a s  u s e d  t o
K
Ag (s) + 22b 2b ( s )   1  [Ag+22B2B] (s) (3.5)
The equilibrium constant, K , for the complexation process (3.2) iss
given by
K = [Ag 22b2B 1(S) (3.6)s -------------------
[Ag+] (s) [22 2 ] (s)B B
It was assumed that eqn. (3.6) is independent of the ionic strength of the
solution due to the cancellation of the mean molar activity coefficients 
■hof [Ag 22 2 ] and [Ag ] in solution. A cell potential reading, E, was B B
taken.Using the equation
[Ag+ ] Y±i
E ~E. = 2.303 -J log  ±------------  (3.7)I 1 F _ _ -t
[fig Ij. y±!
the molar concentration of free silver, Ag, in the test cell was 
calculated. In eqn. (3.7), R, T and F are the gas constant, the tempera-
9 1 .
ture (K) and the Faraday (IF = 96,500 CaUi, mol 1 at 298.15 K), respectively 
and y±4 and y ± , the mean molar activity coefficient of the silver salt 
in the appropriate solvent. These were calculated by using the Davis 
equation as represented by
o i—Az I 2 2log y± = ----- j- + 0.3 Az. I (3.8)
1 + I 2 1
where I is the ionic strength of the solution, z^ is the charge of the 
ionic species in solution and A is the Debye Huckel parameter given by
1.8246 x 106 ,,, QvA = ------------- (3.9)
(£T) 3/ 2
In eqn. (3.9), e is the dielectric constant or permittivity of the 
solvent. The mean molar ionic activity coefficient can also be calculated 
by using the extended Debye Huckel equation as described by
A z .2 f l
log Y± “  —  (3.10)
l+a°B V I
In eqn. (3.10) a° is the ion size parameter of the ion in solution
and B is also the Debye Huckel parameter as described by
50.29 _B =  j  (3.11)
(eT) 2
There is not much variation in the y + values as calculated by eqns. (3.8) 
or (3.10). Since the total concentration of silver in solution is given by
[ A g + ] .  =  [ A g + ] 1  +  [ A g + 2 2 B 2 B ] ( 3 . 1 2 )
Therefore, the concentration of [Ag 22 21  can be calculatedB B
4™
[Ag+22B2B ] = [Ag+]i - [Ag+ ]1 (3.13)
and the concentration of the free ligand [22 2 ] is given byB B 1
[22B2B ]1 - [22B2B ]i - [A9+22B2B ] (3-14)
Therefore, the K value (3.5) was calculated, s
4“When another metal cation (M ) of known concentration was added to the 
test cell containing the solution and the solution was left to equilibrate 
for about 15 minutes or more (the time of equilibration depended on the 
solvent used), the following exchange reaction took place
K
M+ (s) + [Ag+22 2 ](s)_Jt [M+22 2 ](s) + A g + (s) (3.15)
D D SD ID
The equilibrium constnat, K for process (3.14) is given bye
[Ag+ ](s)[M+22 2 ] (s)
K = — ----  (3.16)
[M ](s)[Ag 22b 2b ](s )
The cell potential, E, which corresponds to the process described by (3.15) 
was calculated from the following expression,
RT [Ag+] y ±
E - E = 2.303 ■=—  log ---— -----  (3.17)
[Ag] 2 Y±2
4“The concentration of [Ag 22 2 ] was obtained fromB B
9 3 .
[Ag+22 2 ](s) = [Ag+].(s) - [Ag+1 (s) (3.18)
B  B  1 Z
+That for the metal-ion dibenzocryptate [M 22 2 ] was obtained from
B B
[M+22 2 ](s) = [ 2 2 2 ] . (s) - [Ag+22 2 ](s) (3.19)
D  D  B  ID 1 B  £5
+and the concentration of the metal ion M was calculated from
[M+](s) = [M+] (s) - [M+22 2 ](s) (3.20)2. D  D
These data were used for the calculation of K (eqn. (3.16)). Thee
following expression
K [M+22 2 ] (s) = K [Ag^22 2 ](s) x K  (3.21)
S  B  B  S  B  B  G
was used to obtain the stability constant, Kg of the metal-ion dibenzo 
"I*cryptate [M 22 2 ] in the appropriate solvent at 298.15 ± 0.05 K.
B B
-3 -3Total metal ion concentrations were (1.0 - 9.5) x 10 mol dm , silver
-2 -4 -3concentrations were c a .  1.2 x 10 - 1.2 x 10 mol dm , cryptand
-2 -2 -322b2b concentrations were c a .  2.5 x 10 to 4.5 x 10 mol dm and
the concentration of tetra-n-ethylammonium perchlorate, (C2H^)^NCIO^,
w a s  0 . 1  m o l  dm
Internal energy and enthalpy changes which take place when a system 
changes from an initial state to a final state can be measured by a 
calorimeter.
Different calorimetric principles have been used for practical 
purposes. These can be classified in
a) Adiabatic calorimeters
b) Heat conduction calorimeters
In the former one,, no heat exchange between the calorimetric vessel and 
surrounding takes place. The heat produced (Q) during the course of an 
experimental run results in a temperature change (AT) which is proportional 
to the heat capacity (e) of the calorimetric system according to
Q = ©AT (3.22)
In a heat conduction calorimeter, heat is quantitatively transferred from 
the calorimetric reaction vessel to a heat sink or vice versa. For an 
isoperibol flow injection calorimeter, the input plug width in time 
units {$) which is proportional to the heat flow is measured. Therefore, 
the heat quantity evolved (Q) is proportional to the time integral.
Q = const. j  cj) dt (3.23)
In the present work the LKB 8700 and the Tronal 550 calorimeters were 
used. Therefore a description of these calorimeters is given.
3 . 6  C a l o r i m e t r y
The LKB 8700 precision calorimetric system is a commercial 
version of the instrument designed by Sunner and Wadso23"](constant 
temperature environment non-isothermal calorimeter).
The amount of heat produced when a well defined process takes 
place is compared with a known amount of heat (electrical calibration). 
Changes in temperature are accurately measured as a function of time 
and experimental conditions are selected so that the temperature 
changes observed for a reaction are approximately the same as that of 
a calibration run.
A diagram of the system is shown in Fig. 11. This equipment
has been designed for the study of fast reactions (maximum 30 minutes) 
in the temperature range (0-50°C) and at atmospheric pressure.
The calorimeter vessel built of glass has a capacity of 100 ml.
It contains a thermistor (R = 2000 ft), a calibration heater (R = 50 ft)
and a glass pin for ampoule breaking.
Fig. 12 shows the calorimetric vessel and its components
including a 18 carat gold stirrer, which also serves as a holder for
the cylindrical glass ampoule.
-5Temperature changes of 5 x 10 °C registered in the thermistor 
which forms one of the arms of a Wheatstone bridge are detected by an 
electric galvanometer.
The chromium plated brass cylinder containing the calorimetric 
vessel is immersed in a thermostated water bath. The temperature of 
the bath is maintained by a thermostat control. The temperature
-3constancy is better than 10 °C. The space between the reaction vessel
and the brass cylinder may be evacuated so that heat exchange is 
minimised.
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Tronac's 
Ampoule
LKB1s Ampoule
100.
F i g .  1 4  A  T y p i c a l  T h e r m o g r a m
The release of a known amount of electrical energy which is 
determined by the current flowing through the heat resistance is done 
by means of a calibration heater. The resistance of the heater and 
the current is measured by a potentiometer. The time is measured 
with an electrical timer with an accuracy of approximately 0.003 
seconds.
To study the heat produced during the course of a reaction the 
thermistor resistance is pre-set and an ampoule containing the material 
to be investigated is broken by a motor driven mechanism against a 
sapphire topped rod sealed to the bottom of the calorimetric reaction 
vessel, see Fig. 12.
3«6.2 Heat Measurements
For accurate heat measurements calibration of the system before 
or after each run is required. Calibration does not need to be carried 
out so frequently for less accurate measurements. Before an experiment 
was started an accurately known amount of the sample was weighed in a 
glass ampoule (Fig. 13). The ampoule was then placed in the ampoule 
holder and a given volume of the solvent was pipetted into the calori­
metric vessel. The calorimeter was then closed and placed in the 
thermostat bath. The temperature of the system was brought slightly 
below the starting point (Fig. 14) and the system was left to equilibrate 
for a period of time (~ 15 minutes). In order to take the reading, the 
bridge was set slightly off balance and a chronometer connected 
electrically to the bridge was set going.
In a calorimetric run, resistance (R) versus time (t) readings 
were taken during
A) The pre-reaction period (A-B Fig. 14)
B) The main period (B-C, Fig. 14) in which the reaction was
initiated and proceeded to completion
C) The post-reaction period (C-Df Fig.14)
When not very high accuracy is required the reaction curve can be auto­
matically recorded by connecting a potentiometer to the outlet of the
electronic galvanometer. A correction for the heat exchange between 
the calorimeter and its surroundings must be applied. This correction 
can be done either by graphical extrapolation or by numerical calcula­
tion employing Newton's cooling law. In accurate work, additional 
corrections such as the heat associated with the ampoule breaking in a 
given solvent as well as those related with the differences in 
temperature ranges in the calibration and experimental runs must be 
considered.
3.6.3 Temperature Measurement
So far production and exchange of heat have been considered in 
terms of temperature change but what is really determined with the 
thermistor operated calorimeter are resistance changes. Unfortunately, 
there is not a linear correlation between the resistance (R) and the 
temperature (T), therefore in accurate work the following assumption 
Ar = AT cannot be made. The most precise relationship is given by the 
following expression
R = A.eB/T (3.24)
Where T is the absolute temperature and (A) and (B) are constants for the
resistance values at two different temperatures and are specific for
each calorimetric liquid. This calculation was made using a basic
program in a Hewlett Packard Computer 85 kindly provided by Lund 
232University. A number of relationships between At and AR can be 
derived by differentiation of Eqn. (3.25).
thermistor. These constants are determined by comparison between two
dR RB ,
d i - - - 2  <3 ‘ 2 5 >T
Considering the mean values for resistance and temperature as R^ and 
T^ (Eqn. 3.26) may be written
At, rAr m.
2 <3- 26)Tm
T ^
AT = AR (3.27)Km
In order to use this expression the thermistor bridge must be approxi­
mately calibrated in degrees. Since during a series of calorimetric 
2 .experiments T^ . is nearly constant, the following expression can be 
written.
A m  A rAt = —obs R. (3.28)m
The observed temperature change (^Toi:)S) maY be thought to be made up of
two terms, namely the corrected . temperature change (ATJ an^ the
temperature changes due to factors other than the reaction At .e
Therefore,
TE
M
PE
R
A
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R
E 
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)
1 0 4 .
at , = At + atobs c e ( 3 . 2 9 )
A detailed account on the analysis of a temperature (T) versus
time (t) plot (Fig.15) for an exothermic reaction carried out in an
233
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isoperibol calorimeter was published by Wadso. 
as follows.
This was explained
TIME ( t)
Fig. 15 Temperature-time curve from an exothermal reaction.
In this plot, A, B, C and D are characterised by corresponding t and T 
values.T, and T^ were the notations used by this author to indicate 
the temperature of the thermostatic bath and that of the calorimeter.
For the calorimetric run shown in (Fig. 15), the gradient 
g = dT/dt at any point of the curve does not only depend on the heat 
produced in the calorimeter but also involves the exchange of heat 
with the surroundings, which was called "thermal leakage". During 
the pre and post reaction periods heats effects arising from stirring 
or from the resistance thermometer are considered to be small and 
constant.
It is assumed that the heat exchange, Q, with the surrounding 
follows Newton's law of cooling
where T is the temperature of the calorimeter vessel. Therefore the 
flow of heat dQ/dt caused by thermic leakage is proportional to T.-T
Since the flow of heat will produce a temperature change in the vessel,
dT dQ its rate —  ^  — f- dt dt
The rate in the temperature changes during the pre and post 
reaction parts of the calorimetric plot (Fig. 15) can be expressed by
At t = 00 (T > T. by about 0.005 K for the LKB 8700 reaction caloriOO D
meter).
(3.30)
dT/dt = U + k (T.-T) 
3
( 3 . 3 1 )
in Eqn. (3.31) U is the notation used to indicate the contribution from 
the constant heat produced in the calorimeter and k is the "thermal 
leakage constant".
When the calorimeter has reached a steady state (T = T ) ,  dT/dt 
= 0, the heat U can be eliminated from Eqn.(3.31) and the following 
equation can be written.
This expression can be used for the slopes of the pre and post reaction 
(linear) parts indicated in Fig. 15.
3.6.5. Measurements of the Thermal Leakage Constant (k)
Taking into account Eqn. (3.32) and AfT^t^.), B (T2 rt2  ^' C 7T3 't3 7 and 
D(T^,t^), the slopes g^ (pre-reaction part of the calorimetric curve) 
and g^ (post-reaction part of the calorimetric curve) may be indicated
g = dT/dt = k(Too-T) (3.32)
by
2 (3.33)
and
2 (3.34)
Assuming that T ^ T 2 and T. T^ equations (3.33) and (3.34) can be written as
1 0 7 .
The value of the thermal leakage constant (k) is characteristic for a 
given calorimetric vessel if its heat capacity is constant. it can 
be used to check that no further reaction after the main reaction 
takes place.
3 6.6 Correction for Heat Exchange
Two methods are described for the calculation of AT from the
observed temperature change during the main period of the reaction 
At , . These are
c
obs
a) The Regnault-Pfaundler1s Method 234
b) The Dickinson's Extrapolation Method 235
3-6.6.1 The Regnault-Pfaundler * s Method
The observed temperature change, Atobs (Eqn. 3.29) is
(3.37)
(3.38)
For the main period of the calorimetric curve
dTe
dt k. (T -T. )00 m (3.39)
Therefore
AT = K(T -t )AT e 00 m ( 3 . 4 0 )
C o m b i n a t i o n  o f  E q n .  ( 3 . 4 0 )  a n d  ( 3 . 2 7 )  g i v e s
gi  + kTiT  --------  (3
Substitution of T as given by Eqn.(3.41) in Eqn.(3.40 ) leads to
AT = [g. + k.(T .-T. .) ] AT (3e i 1 m
From Eqns. (3.29) and (3.42) it follows that
AT = AT ■ - [g..,-k(T -T)]AT (3c obs i m 1
or
AT = AT - [g -k(T -T_)]AT (3c obs f m 3
3.6 .6 .2 The Dickinson1s Method of Extrapo1ation
This method is based on the assumption that
I s
AT = AT , + k/E / (T-T )dt (3corr obs ' ~
or
(T ..-T  .) = (T-T .) + k/E 1 (T-T ) dt (33 2 corr 3 2 obs . / 00
Where T 2 and T ^ are the temperatures which correspond to t^ and 
(pre and post reaction periods. As T^ reaches the steady state,
temperature T^, T. Tg“T4 will reach the steady state temperature, T^
. 4 1 )
.42)
.43)
.44)
.45)
. 4 6 )
thus responding to the environmental temperature T\ . By selecting a 
time, t^ ., which is between and , it can be written that
t tr  m n  3
J  (T-T )dt + J  (T-T )dt = 0 . (3.47)
t . 2 t2 m
Therefore, the correction term in Eqn.(3.45) and(3.46) can be expressed 
as
t3
k/E J (T-T ) dt = - (dT/dt) (t -t ) + (dT/dt) (t .-t. ) (3.48)
f a 00 t m 2 t 3 m
2
Considering Eqn.(3.47), the time tm has been selected so the areas I and 
II in Fig. 15 are equal. The correction term is evaluated by the
right side of Eqn.(3.48) from values of the gradients (dT/dt) at times
t^ and t^ of the thermogram.in conclusion, Dickinson's method is based 
on the fact that the rate of heat evolution during a reaction is 
exponential. Therefore, the mean temperature of the main reaction,
■ iTm, will occur at the time for 63% of heat evolution (0.63 = 1 ---) .e
If the pre and post-reaction periods of the calorimetric plot are 
extrapolated to this time the corrected temperature change will be 
obtained, see Fig.15.
3.6.7 Experimental Procedure
The reaction vessel was cleaned and rinsed with water, then with 
acetone and finally dried with compressed air. The solvent was then 
pipetted into the reaction vessel. The ampoule with the sample 
accurately weighed and sealed by a silicon rubber stopper, was inserted 
into the ampoule holder. Checks were made to ensure that the ampoule 
was well placed in the holder and the stirrer was functioning correctly
in the calorimetric vessel. The calorimetric vessel was immersed in 
the water bath and the system was then allowed to equilibrate for a 
period of about 10-15 minutes. Equilibration time depends on the 
calorimetric liquid used.
The starting point of the reaction was much easier to determine 
once the temperature change during the reaction was approximately 
known. The equilibrium thermistor resistance, (R ), under theOO
experimental conditions was measured by setting up the calorimeter 
containing the appropriate solvent and leaving it in the water bath 
overnight.
Resistance versus time readings were taken during the pre­
reaction, main and post reaction periods.
It is desirable to perform an electrical calibration experiment 
in connection with each reaction. If the calibration experiment is 
made before the reaction has taken place the obtained (e) value will 
refer to the isothermal process at the final temperature of the 
experiment.
Consider that f (T^ .) and f (T2) are the initial and final tempera­
tures of the electrical calibration respectively, and M(T ) and M(T )
1 2
are the initial and final temperature of the reaction. If the 
calibration is done before the reaction
f(T ) ■> f(T ) (3.49)
f (T ) M(T ) (3.50)
It can be shown that subtracting Eqn.(3.49) from Eqn.(3.50) the following 
expression is obtained.
1 1 1 .
Therefore e value is referred to the final temperature of the experiment. 
If the reaction Eqn.(3.52) is prior to the calibration Eqn. (3.53)
. f ( T  ) +  M ( T  ) ( 3 . 5 1 )
f(Tx) f(T2)
(3.52)
(3.53)
it is shown that subtracting Eqn.(3.53) from Eqn.(3.52) the following 
expression is obtained
M(T ) * f(T ) (3.54)
Therefore,e value is referred to the initial temperature of the 
experiment.
3.6.8 General Description of the Tronac 550 Calorimeter
The Tronac calorimeter 550 is one of the commercial versions of
236 237the solution calorimeter originally designed by Christensen and Izatt. ' 
This calorimeter can operate as an isothermal or as an isoperibol 
calorimeter.
In this work, this instrument was used as an isoperibol calori­
meter. Therefore, temperature changes associated with the process 
taking place in the reaction vessel were measured in a constant 
temperature environment.
The Tronac 550 calorimeter has multiple uses. It can be used as 
a conventional solution calorimeter. The conventional method is the 
one used to carry out this research project.
1 1 2 .
F i g .  1 6  M o d e l  5 5 0  C a l o r i m e t e r  C o m p o n e n t s
Bath H e a t e r  T r a n s f o r m e r ,  
and C o o l in g  W a te r  C o n n e c t i o n s
The Model 550 consists of two main parts. These are the 
calorimetric assembly and the electronic assembly. The calorimetric 
assembly consists of a water bath (55 1. capacity) maintained at 
constant temperature (± 0.002°C) by means of a precision temperature 
controller (PTC 40). The water bath also contains a stirring motor 
and a cooled heater system.
The reaction vessel (50 ml. capacity) is a glass vacuum Dewar 
containing the thermistor, the stirrer (600 rpm) and the calibration 
heater. The stirrer, made of stainless steel, is used as an ampoule 
holder and it is arranged in such a way that it does not touch the 
walls of the reaction vessel. Ampoule breaking takes place when the 
ampoule is crushed between the stirring blade assembly and the plunger, 
see Fig. 16. The capacity of the ampoules used were of about 1 m.l 
and these were sealed by a rubber stopper.
The electronic assembly includes a Wheatstone bridge, a heater
circuit and a power supply. Eleven heating rates can be selected in
- 1the 0.1 to 200 meal, s ranges. The voltage of the bridge can be 
adjusted (1.5 to 15 V) and is monitored on a digital voltmeter (DVM).
An increase in the bridge voltage results in an increase of the 
thermistor sensitivity. Measurement of the heating power of the 
reaction is done directly by monitoring the voltages across the standard 
resistor (R = 100.02 ± 0.01 £2 at 25°C) known as the heating current.
The heater voltage is obtained by monitoring the voltages across the 
calibration resistance heater during an electrical calibration run. 
Across the recorder terminals a strip chart recorder is connected 
which indicates the output voltage from the Wheatstone bridge. This 
voltage is related with the temperature change taking place in' the 
reaction vessel. The heating interval is accurately measured by a 
Wheatstone timer connected to the electronic assembly.
1 1 4 .
and the ampoule containing a known amount of compound was sealed and
fitted into the stirrer. The vessel was then immersed in the water
bath to equilibrate for about 15 minutes. This time is solvent dependent,
The resistance time plot was analysed by the graphical method 
235proposed by Dickinson. From the temperature change (AT ) measured asc
distance (d ) in mm on the trace and the amount of heat in the calori- c
meter (Q' ), the heat capacity of the calorimeter (e) is calculated by c
using the relationship
3 . 6 . 9  U s e  o f  t h e  T r o n a c  5 5 0  C a l o r i m e t e r
T h e  r e a c t i o n  v e s s e l  w a s  f i l l e d  w i t h  t h e  c a l o r i m e t r i c  l i q u i d  ( 5 0  m l )
Qc Qc
6 AT “ d. (3.55)c c
where
Q. = I2 R t (3.56)
t is the time (s) during which the current is flowing through 
2I R is the power (P) dissipated in the heater. This is given by the 
equation (3.57)
V V1 x '2 , „P = ---    (3.57)
where the units of P, V and R are Js volts and ohms respectively, 
and V. are the voltages which correspond to the heater current position 
and the heater voltage position respectively, R is the standard resistor 
(R = 100.02 ± 0.01 ft at 25°C).
For the reaction taking place in the calorimeter, the heat of 
reaction, (QJ is calculated by using the following expression.
1 1 5 .
Q
Qr = ^  x dR (3
Where dR is the distance (mm) read on the chart for the reaction. 
The enthalpy of reaction (AH^) is calculated from
Qr.
AHr 4.184 x n (3
.58)
.59)
- 1and this is given in cal. mol
In Eqn.(3.59) n is the number of moles of compound used in the
run.
3 . 6 . 1 0  T h e r m o c h e m i c a l  R e s u l t s  f o r  "THAM" ( T r i s h y d r o x y m e t h y l a m i n o ­
methane) as a. Test Substance in Reactin Calorimetry
*•238In 1964, Irving and Wadso proposed the value for the enthalpy 
of solution of THAM in dilute hydrochloric acid (0.1 M) as a suitable 
test reaction for solution calorimetry.
THAM is a crystaline compound with melting point of 171.10°C.
It is a weak base (Pk^ 5.92). It has a low hygroscopicity and does not 
absorb carbon dioxide. It is readily soluble in water and has, therefore, 
found use as a primary acimetric standard. The enthalpy value for the 
reaction between trishydroxymethylaminomethane (THAM) with hydrochloric
-3acid (0.1 mol cm ) was proposed as a suitable test reaction in solution 
calorimetry. The reaction is written as follows,
H2NC(CH2OH)3 + H30+  1 H3N+C(CH2OH) + H20 (3.60)
3.6.11 Experimental
Trishydroxymethylaminomethane, THAM, (Aldrich Laboratory Reagent 
98% purity) was used without further purification. It was dried in a 
vacuum oven at 80°C for two days prior to use. In order to carry out 
this reaction accurately weighed amounts of THAM ( 0.4 g) were placed in 
several ampoules. These ampoules were sealed with silcon rubber
stoppers coated with a thin layer of wax. The sealed ampoules were
3 -3broken into the reaction vessel containing 100 cm of HC1 (0.1 mol dm ).
Readings of resistance versus time were taken during the pre-reaction,
reaction and post-reaction periods. Electrical calibrations were in
all cases made before the reaction had taken place. In Table 17 the
results obtained for this reaction are reported. These results are
compared with those from the literature given in table 18.
3 . 6 . 1 2  M e a s u r e m e n t s  o f  t h e  h e a t s  o f  s o l u t i o n  o f  m a c r o c y c l i c  l i g a n d s  i n
several solvents
Enthalpies of solution of dibenzocryptand 222, dibenzo 18 crown 6 
in the various solvents at 298.15 K were measured by breaking sealed 
ampoules containing accurate amounts (± 0.0001 g) of these compounds in 
a given volume of the solvent (50 ml with Tronac calorimeter and 100 ml 
with LKB 8700 calorimeter). The calorimeter was allowed to run for a 
certain period of time ( 5 minutes). The ampoules were then broken
and the reaction was followed by the changes in resistance of the 
thermistor. After this,the calorimeter was allowed to run for a certain 
length of time to give a trace. In all cases, an electrical calibration 
was performed by introducing a known amount of heat which was approxi­
mately equal to the heat change of the chemical reaction.
For the measurements of the enthalpy of solution of 18 crown 6 in
water, the LKB calorimeter was used. The calorimeter vessel was filled 
3with 100 cm of water (mili p^re).
The measurements were made at three different temperatures as 
detailed below. The constants A and B for the thermistor were found 
by using a computer program (BASIC) at the different temperatures.
Details are given as follows
a) Determination of the constants A and B at 288.155 K 
Temperature (K) T^ = 288.155 and T2 = 298.383
Resistance (ft)- R^ = 6449.0 and R2 = 4404.31
Constants for the thermistor at 288.155 K were A = -2.353252 and 
B = 3205.705013
b) Determination of the constants A and B at 298.383 K 
Temperature (K) T^ = 298.333 T2 = 309.83
Resistance (ft) R2 = 4404.31 R2 = 2953.69
Constants for the thermistor: A = -2.423487
B = 3226.662075
c )  D e t e r m i n a t i o n  o f  t h e  c o n s t a n t s  A a n d  B a t  3 0 5 . 1 5 4  K
Temperature (K) T^ = 305.154 T2 = 309.83
Resistance (£2) R = 3468.20 R2 = 2953.69
Constants for the thermistor: A = -2.48861190
B = 3246.839447
It must be emphasised that the thermistor used was calibrated at
298.15 K and 303.15 K by comparison with a calibrated quartz thermo­
meter. The resistance (R) of the thermistor was converted to 
temperature (T) using the relationship
InR = A + —  (3.61)
where A and B are constants.
3.6.13 Measurements of enthalpy of complexing of metal(I) cations and 
macrocyclic ligands (22p2D and DB18C6) in the various solvents 
at 298.15 K
The enthalpy of complexation of metal(I) cations with dibenzocryptand
222 was measured by breaking ampoules containing accurate amounts
(± 0.0001 g) of the ligand into a solution of the metal salt containing
the appropriate cation in the reaction vessel. The concentration of the
electrolyte was varied.
The observed heat changes Qt were corrected for heat of ampoule 
247breaking. Further details are given in the discussion.
The enthalpy of complexation of metal(I) cations with dibenzo 18 crown 
6 in acetonitrile was measured in the same way as that described for 
dibenzocryptand 222.
1 1 9 .
Table 17. Heat of solution of THAM in 100 ml. of 0.1004 mol ^ "33  dm
THAM/mol dm-3 be Q/cal. AH°/cals
3.959 x 10~ 3 440.7509 28.15 - 7110
3.616 x 10-3 441.0711 25.74 - 7118
3.616 x 10-3 441.0941 25.74 - 7118
3.622 x IO”3 441.3085 25.77 - 7115
1.590 x 10" 3 440.9618 11.31 - 7113
1.681 x 10"3 440.6780 11.96 - 7114
4.537 x IO"3 441.6642 32.19 - 7094
3.018 x 10"3 441.2579 21.48 - 7108
4.418 x 10~ 3 441.5646 31.42 - 7111
3.744 x 10"3 440.3380 26.60 - 7105
C  “ 1Average Value = -7110 ± 7 cal mol
a Results obtained at the Thermochemistry Laboratory, University of Lund, Sweden
b. e = Epsilon of calibration
c Q = Heat of reaction in calories _ 2
- i  n "Eqn. used to calculate standard deviation an = ----------------------------- - (3.60a)
n
1 2 0 .
Table 18. Standard calorimetric reaction Tris(hydroxymethyl) Aminornethane 
at 298.15 K.
Author Ah° cal mol 1 Ref.s
Irving and Wadso -7107 ± 4 238
Gunn -7107 + 1 239
Kilday and Prosen -7114 ± 2 240
Sunner and Wadso -7112 + 2 241
McKerrell -7112 ± 5 240
Irving and Wadso -7112 ± 2 238
Ojelund and Wadso -7112 + 4 242
Mortimer and Beezer -7104 + 8 240
Irving and Sousa -7110 ± 1 240
Hill -7109 + 1 243
Gunn -7107 ± 1 244
Prosen -7115 + 1 240
Da Silva -7112 + 6 240
Biookhti -7110 + 4 240
Nasehzadeh and Ekhtiarababy -7104 + 13 245
Chaloosi -7102 + 11 246
Ghousseini -7096 + 17 247
Ritt -7106 3 248
Present Work -7110 ± 7
4.1 Stability Constant Measurements of Alkali Metal and Silver Cations 
with Dibenzo Cryptand 222 in Dipolar Aprotic Solvents at 298.15 K.
It was mentioned in the Introduction section that stability con­
stants of metal ions and macrocyclic ligands can be determined by 
several methods. The choice of the method to be employed depends 
largely on the magnitude of the stability constant. Competitive methods 
have been successfully used when high stability constants were involved. 
Information available on complexation reaction between univalent cations 
and cryptands in dipolar aprotic solvents indicated that stability 
constants are generally high in these reaction media (see tables 6-8 , 
Chapter 2, Introduction). Therefore, the competitive method as des­
cribed in the Experimental section of this thesis was the method selected 
The results obtained for the stability constants (expressed as log 
K ) of alkali metal and silver cations with dibenzo cryptand 222 in 
five dipolar aprotic solvents (DMF, DMSO, AN, PC and NM) at 298.15 K
are reported in Tables 19-23. The standard deviation of the data was
calculated by equation (3.60a)(see Experimental section) and are also 
included in these tables.
For comparison purposes, log Kg values in the various solvents are 
given in Table 24 along with the data found in the literature. So far, 
no data has been reported for the alkali-metal cations and dibenzo 
cryptand 222 in acetonitrile. The results given in Table 24 for
nitromethane are also the first set of data ever reported in this solvent
The values for the stability constants of metal ions and dibenzo cryptand 
222 in propylene carbonate at 298.15 K are in good agreement with those 
reported by Cox e t  aZ185.
Considering that not all the data reported in Table 24 are the 
result of experimental work based on the same method, satisfactory agree­
4 .  R E S U L T S  AND D I S C U S S I O N
1 2 2 .
ment is found between these results and those from the literature. '
Therefore, in cases where there is more than one value for the stability
constant of a given cation and dibenzo cryptand 222 in a given solvent,
stability constant values used for the calculation of Ag ° values arec
average of the data given in Table 24. An attempt is made to find the 
predominant factors which are responsible for the complexation reaction 
between cations and dibenzo cryptand in the various solvents. In 
doing so, the cation size, characteristics of the solvent and the ligand 
are considered.
159It has been suggested, that the maximum stability observed among 
cryptands is for those cations which best fit into the cavity of the 
ligand. A plot of stability constants (log Kg) of alkali metal and 
silver cations with dibenzo cryptand 222 in the five dipolar aprotic 
solvents versus the cation radius (A°) is illustrated in Fig. 17.
Among the alkali-metal cations, the maximum stability is found for 
potassium and this ligand in N-N dimethylformamide, dimethylsulphoxide 
and acetonitrile. This is not the case for nitromethane and propylene 
carbonate. In these two solvents, the highest stability is found for 
the complex formed between the sodium cation and dibenzo cryptand 222.
As far as silver is concerned, the specific interaction of this 
cation and solvents like acetonitrile and dimethylsulphoxide seems to 
be reflected in the lower stability constants observed for the silver 
ion and dibenzo cryptand 222 in these two solvents. Certainly, there 
is a competition between the ligand and the solvent for the cation.
It is quite clear that the environment of the cation in a given reaction 
medium plays a significant role in the complexation process involving 
macrocyclic ligands. This will be discussed further when dealing 
with free energies of complexation.
Log Ks[M+22g2BJ
1 2 3 ,
Fig. 17 Stability constants log K [M 22 2 j vs. cation
S B B
radius in dipolar aprotic solvents at 298.15 K
Li NaAg K Rb Cs
T a b l e  1 9  S t a b i l i t y  c o n s t a n t s  o f  d i b e n z o  c r y p t a n d  2 2 2  w i t h  a l k a l i -
m e t a l  a n d  s i l v e r  c a t i o n s  i n  N - N  d i m e t h y l f o r m a m i d e  a t
2 9 8 . 1 5  K .
Cation log Ks
Na+ 5.15 ± 0.04a
K+ 6.10 ± 0.10a
Rb+ 4.32 ± 0.09b
Ag+ 9.20 ± 0.09°
a bAverage of five measurements Average of four measurements
c Average of six measurements
T a b l e  2 0  S t a b i l i t y  c o n s t a n t s  o f  d i b e n z o c r y p t a n d  2 2 2  w i t h  a l k a l i -
m e t a l  a n d  s i l v e r  c a t i o n s  i n  d i m e t h y l s u l p h o x i d e  a t  2 9 8 . 1 5  K .
Cation log Ks
Na+ 4.15 ± 0.06a
K+ 5.30 ± 0.10b
Rb+ 4.65 ± 0.05b
Ag+ 6.40 ± 0.09b
a Average of four measurements Average of five measurements.
T a b l e  2 1  S t a b i l i t y  c o n s t a n t s  o f  d i b e n z o c r y p t a n d  2 2 2  w i t h  a l k a l i - m e t a l
a n d  s i l v e r  c a t i o n s  i n  a c e t o n i t r i l e  a t  2 9 8 . 1 5  K .
Cation log Ks
Li+ 6.06 ± 0.0ia
Na+ 8.34 ± 0.20a
K+ 8.66 ± 0.06b
Rb+ 7.70 ± 0.05b
Cs+ 3.46 ± 0.08°
Ag+ 8.16 ± 0.06b
a Average of six measurements b Average of five measurements
Q Average of eight measurements.
T a b l e  2 2  S t a b i l i t y  c o n s t a n t s  o f  d i b e n z o c r y p t a n d  2 2 2  w i t h  a l k a l i - m e t a l
a n d  s i l v e r  c a t i o n s  i n  p r o p y l e n e  c a r b o n a t e  a t  2 9 8 . 1 5  K .
Cation log Ks
Li+ 5.61 ± 0.06a
Na+ 9.73 ± 0.04a
K+ 9.17 ± 0.02a
Rb+ 6.65 ± 0.04a
Ag+ 15.58 ± 0.04b
a Average of five measurements Average of six measurements.
T a b l e  2 3  S t a b i l i t y  c o n s t a n t s  o f  d i b e n z o c r y p t a n d  2 2 2  w i t h  a l k a l i - m e t a l
a n d  s i l v e r  c a t i o n s  i n  n i t r o m e t h a n e  a t  2 9 8 . 1 5  K .
Cation log Ks
Li+ 10.50 ± 0.05a
Na+ 12.58 ± 0.06a
-K+ 11.2 2 -± 0.08a
Rb+ 8.40 ± 0.04a
Cs+ 4.04 ± 0.21b
Ag+ 16.63 ± 0.08a
a bAverage of six measurements Average of five measurements.
T a b l e  2 4  S t a b i l i t y  c o n s t a n t s  o f  a l k a l i - m e t a l  a n d  s i l v e r  c a t i o n s  w i t h
d i b e n z o c r y p t a n d  2 2 2  i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  (D M F ,
D M SO , A N ,  PC a n d  NM) a t  2 9 8 . 1 5  K .
Cation
Li
DMF Me2SO
Na+ 5.15a r-5.32 4.15 4.48
K+ 6.10 6.73b _  „„d 5.30 _ 0b 5.8
+Rb . a 4.32 _ .  rrd 4.65
+Cs - _ -
+Ag 9.20 9.87b _ , _c 9.47 6.40 6.77
Cation AN NM
T - +Ll 6.06e 10.50f
+Na 8.34® 12.58f
+K 08.66 1 1.22f
, + Rb 7.70® f8.40
4-Cs 3.46® 4.04f
+Ag 8.16® 8.31b 16.63f
Cation PC
. 4* L l 5 .  6 i g
_^h5 . 5 9
+Na 9 . 7 3 g 9 . 7 2 9 . 2 0 b 9 . 4 5 b
4~K 9 . 1 7 9 9 . 1 5 h 9 . 0 0 b 8 . 7 5 b
+Rb 6 . 6 5 g 6 . 6 3 h
Cs+ - - 3 . 0 h
Ag+ 1 5 . 5 8 9 1 5 . 4 6 h 1 5 . 8 8 b
a From Table 19 b Ref (158) ° Ref (159) d From Table 20
® From Table 21 f From Table 23 9 From Table 22 b Ref (185).
the various solvents are compared with corresponding data for the same
cations and cryptand 222 (Table 8) in the same reaction media.
Although the same pattern is observed in the stability constants data
among the different solvents, log Kg values clearly indicate a decrease
in stability between metal ions and dibenzo cryptand 222 with respect
to the same ions and cryptand 222. These findings are in agreement
185with the observation made by Cox e t  a l . The presence of the
benzene rings in the structure of 222 results in a lower stability 
for the complexes formed between this ligand and metal ions in the 
various solvents.
4.2 Free Energies of Complexation of Metal Cations and Dibenzo Cryptand 
222 in the Dipolar Aprotic Solvents at 298.15 K.
The relationship (2,2) given in Chapter 2 was used for the calcula­
tion of the Gibbs free energy change, AG°, for the complexation process 
as described by eqn. (2.1). These data (Table 25) have been derived 
from log values for cations and dibenzo cryptand 222 at 298.15 K 
in the various solvents given in Table 24. Results are given in terms 
of the defined calorie (1 cal. = 4.184 J) for the isothermal process at
298.15 K.
The importance of the state of solvation of the cation in a given 
medium during the process of complexation was mentioned above. A 
thermodynamic parameter, which is relevant to this discussion, is the 
free energy of solvation, AGg0^v ' which refers to the process,
4" 4-M (gas) + solvent * M (solvated) in solution (4.1)
S t a b i l i t y  c o n s t a n t s  o f  m e t a l  c a t i o n s  a n d  d i b e n z o  c r y p t a n d  2 2 2  i n
+This is essentially the transfer of a cation (M ) from the gas phase 
into solution. This parameter is mainly dominated by the gas free 
energy and therefore,it is relatively insensitive to the solvent. A 
better indication of the solvating abilities of one solvent with 
respect to another is given by the transfer free energy, Ag °, of a 
cation M+ from a reference solvent (sj to a given solvent ( s j , the 
process being represented by
M+ (s ) + M+ (s ) (4.2)
98Danil de Namor and Co-workers have shown a linear correlation between
the single ion free energy of transfer, Ag °[M+ ] among dipolar aprotict
solvents based on the tetraphenylarsonium tetraphenylboron (Ph^AsPh^B) 
convention and the differences between the free energies for the 
complexation reaction, AG°, of metal ions and cryptand 222 in these
solvents, according to the relationship
AG° (s 0) - AG° (s ) = -AG°[M+] (4.3)c 2 c l  t s„-*-s„
1 2
where s^ is the reference solvent, usually propylene carbonate (PC) and
s2 is any other dipolar solvent. This is illustrated in Fig. 18
where it can be appreciated that 17 out of 22 data points considered
- 1followed eqn (4.3) to within 0.6 kcal mol . With cryptand 222, the
- 1  + + + correlation fails by 1 kcal mol or more for K , Rb and Cs in NM-PC
and for Na xn the AN-PC solvent system. Eqn. (4.3) is now tested for
dibenzo cryptand 222. In order to do so, the Ag ° values to be used
are those for the transfer of single ions from propylene carbonate to
other solvents (DMF, DMSO, AN and NM). These data, given in Table 26
132.
F i g .  1 8  L i n e a r  c o r r e l a t i o n  b e t w e e n  e n t r o p i e s  o f  s o l v a t i o n  o f  c a t i o n
a n d  e n t r o p i e s  o f  c o m p l e x i n g  o f  d i b e n z o  c r y p t a n d  2 2 2  a n d  m e t a l  
i o n s  i n  d i p o l a r  a p r o t i c  s o l v e n t s  a t  2 9 8 . 1 5  K .
2 4 7
f r o m  w a t e r  t o  s ^  a n d  t o  s ^  a s  g i v e n  i n  t h e  l i t e r a t u r e .
T h e  d i f f e r e n c e s  i n  t h e  f r e e  e n e r g i e s  o f  c o m p l e x a t i o n  o f  m e t a l
c a t i o n s  a n d  d i b e n z o  c r y p t a n d  2 2 2  [ A G ° ( s  )  -  A G ° ( s „ ) ]  a r e  c a l c u l a t e d  f r o m
c  2  c l
d a t a  g i v e n  i n  T a b l e  2 5  a n d  t h e s e  a r e  a l s o  l i s t e d  i n  T a b l e  2 6  .  I n
p a r e n t h e s i s  a r e  t h e  d i f f e r e n c e s  f o u n d  b e t w e e n  A g °  v a l u e s  f o r  t h e  s a m e
c
2 4 7
m e t a l  i o n s  w i t h  c r y p t a n d  2 2 2  b e t w e e n  t h e  s a m e  s o l v e n t s .  W h e n  e q n .  ( 4 . 3 )
i s  a p p l i e d  t o  d i b e n z o  c r y p t a n d  2 2 2 ,  i t  e m e r g e s  t h a t  1 7  o u t  o f  2 0  d a t a
-1
p o i n t s  c o n s i d e r e d  f o l l o w e d  t h i s  e q u a t i o n  t o  w i t h i n  0 . 6  k c a l  m o l
I n  t h i s  c o r r e l a t i o n ,  c a t i o n s  l i k e  r u b i d i u m  a n d  c a e s i u m  w h i c h  h a v e  a
m u c h  l a r g e r  s i z e  t h a n  t h e  c a v i t y  o f  t h e  l i g a n d  2 2  2  a r e  i n c l u d e d .
B  B
-1
D i f f e r e n c e s  o f  m o r e  t h a n  1  k c a l  m o l  a r e  o b s e r v e d  f o r  t h e  s o d i u m
c a t i o n  a n d  d i b e n z o  c r y p t a n d  2 2 2  i n  t h e  A N - P C  s o l v e n t  s y s t e m .  H o w e v e r ,
t h e  d i f f e r e n c e s  b e t w e e n  t h e  c o m p l e x a t i o n  f r e e  e n e r g i e s  f o r  t h i s  c a t i o n
b e t w e e n  a c e t o n i t r i l e  a n d  p r o p y l e n e  c a r b o n a t e  a r e  t h e  s a m e  f o r  b o t h
l i g a n d s ,  s e e  T a b l e  2 6 .  T h i s  c o u l d  b e  a t t r i b u t e d  e i t h e r  t o  t h e
r e l a t i v e  u n c e r t a i n t y  o f  t h e  e x i s t i n g  s i n g l e - i o n  v a l u e  f o r  t h e  s o d i u m
c a t i o n  i n  t r a n s f e r s  f r o m  w a t e r  t o  a c e t o n i t r i l e  o r  t o  u n c e r t a i n t y  i n  t h e
s t a b i l i t y  c o n s t a n t  v a l u e s  f o r  m e t a l  c a t i o n s  a n d  m a c r o c y c l i c  l i g a n d s  i n
a c e t o n i t r i l e .  I t  i s  c o n c l u d e d  t h a t  c o r r e l a t i o n  ( 4 . 3 )  s e e m s  t o  h o l d
r e a s o n a b l y  w e l l  i n  t e r m s  o f  f r e e  e n e r g y  f o r  t h e  a l k a l i  m e t a l  a n d  s i l v e r
c a t i o n s  w i t h  d i b e n z o  c r y p t a n d  2 2 2 ,  a m o n g  t h e  d i p o l a r  a p r o t i c  s o l v e n t s .
1 5 8
I t  a l s o  a p p e a r s  t h a t  t h e  s t a t e m e n t  m a d e  b y  K o l t h o f f  a n d  C h a n t o o n i ,  
i n  w h i c h  i t  w a s  c l a i m e d  t h a t  i n  t e r m s  o f  s t a b i l i t y  c o n s t a n t s  ( h e n c e  A G ° )  
e q n .  ( 4 . 3 )  i s  g e n e r a l l y  a c c e p t a b l e  a m o n g  d i p o l a r  a p r o t i c  s o l v e n t s  
' p r o v i d e d  t h a t  t h e  s i z e  o f  t h e  c a t i o n  i s  e q u a l  o r  s m a l l e r  t h a n  t h e  c a v i t y  
o f  t h e  l i g a n d ' ,  i s  n o t  n e c e s s a r i l y  t r u e  f o r  c r y p t a n d  2 2 2 , o r  i n d e e d  f o r  
d i b e n z o  c r y p t a n d  2 2 2 .  T h i s  w o r k  d e m o n s t r a t e s  t h a t  c o r r e l a t i o n  ( 4 . 3 )  
a p p l i e s  t o  c a t i o n s  s u c h  a s  r u b i d i u m  a n d  c a e s i u m  w h o s e  s i z e s  a r e  l a r g e r
O 4were calculated from the combination of Ag ^(M ) values for the transfert
134.
Table 25 Free energies of complexation of alkali metal and silver cations
with dibenzo cryptand 222 in the dipolar aprotic solvents (DMF,
DMSO, AN, PC and NM) at 298.15 K. Data given in kcal.mol 3".
AG°
c
C a t i o n  D M F  D M S O  A N  P C  N M
L i +  -  -  - 8 . 2 7  - 7 . 6 4  - 1 4 . 3 2
N a +  - 7 . 1 4  - 5 . 8 9  - 1 1 . 3 8  - 1 2 . 9 9  - 1 7 . 1 6
K +  - 8 . 7 5  - 7 . 8 3  - 1 1 . 8 1  - 1 2 . 3 0  - 1 5 . 3 1
R b +  - 5 . 8 9  - 6 . 3 4  - 1 0 . 5 0  - 9 . 0 6  - 1 1 . 4 6
C s +  -  -  - 4 . 7 2  - 4 . 0 9  - 5 . 5 1
A g +  - 1 2 . 9 8  - 9 . 0 6  - 1 1 . 2 3  - 2 1 . 3 4  - 2 2 . 6 9
135.
T a b l e  2 6  S x n g l e - i o n  f r e e  e n e r g i e s  o f  t r a n s f e r  d a t a  ( P h 4 A s  /'Fh^B c o n v e n t i o n )
f r o m  p r o p y l e n e  c a r b o n a t e  t o  N , N  D i m e t h y l f o r m a m i d e ,  d i m e t h y l s u l p h o x i d e ,  
a c e t o n i t r i l e  a n d  n i t r o m e t h a n e  a n d  t h e  d i f f e r e n c e s  b e t w e e n  f r e e  
e n e r g i e s  o f  c o m p l e x i n g  o f  m e t a l  i o n s  a n d  d i b e n z o  c r y p t a n d  2 2 2  i n  
t h e  c o r r e s p o n d i n g  s o l v e n t s  a t  2 9 8 . 1 5  K .
N . N  D I M E T H Y L F O R M A M I D E
C a t i o n
L i
N a '+
K
R b
V
kg'
C a t i o n
L i
N a ~
K+
RbH
CsH
AgH
A G ° [ M + ] a . A G ° ( D M F ) - A G ° ( P C )  
c  c
( P C ^ - D M F )
- 7 . 8 1
- 5 . 5 0 5 . 8 5  ( 6 . 1 3 )
- 3 . 7 5 3 . 5 5  ( 4 . 3 7 )
- 2 . 7 3 3 . 1 7  ( 3 . 1 3 )
- 2 . 1 9 ( 2 . 6 8 )
- 8 . 4 2 8 . 3 6  ( 8 . 5 4 )
D I M E T H Y L S U L P H O X I D E
o  +  
A G ° [ M  ] A G ° ( D M S O ) - A G ° ( P C )
C  t
( P C - > D M S O )
- 9 . 1 0
- 6 . 4 1 7 ? 1 0  ( 7 . 0 8 )
- 4 . 4 4 4 . 4 7  ( 5 . 6 7 )
- 2 . 9 0 2 . 7 2  ( 4 . 4 3 )
- 2 . 6 7 ( 3 . 6 5 )
- 1 2 . 2 3 1 2 . 2 8  ( 1 2 . 4 )
A C E T O N I T R I L E
C a t i o n
. +
Ll+
N a+
K
R b *
c<
A g
a g ° [ m + ) A G ° ( A N ) - A G °  
c  c
( P C )
( P C - > A N )
1 . 6 8 - 0 . 6 3 ( - 0 . 0 6 )
0 . 2 2 1 . 6 1 ( 1 . 2 4 )
0 . 4 4 0 . 4 9 ( 0 . 1 8 )
1 . 1 6 - 1 . 4 4 ( - 0 . 6 5 )
1 . 3 7 - 0 . 6 3 ( - 0 . 6 2 )
- 9 . 8 2 1 0 . 1 1 ( 9 . 8 7 )
N I T R O M E T H A N E
C a t i o n
T - + +
N a+
K +
R b
«•:
A g
A G ° [ M j A G  ( N M ) - A G  
c  c
( P C )
( P C + N M )
6 . 5 4 - 6 . 6 8 ( - 6 . 2 1 )
4 . 3 4 - 4 . 1 7 ( - 4 . 1 2 )
2 . 3 8 - 3 . 0 1 ( - 1 . 9 6 )
2 . 2 3 - 2 . 4 0 ( - 1 . 7 4 )
1 . 7 4 - 1 . 4 2 ( - 1 . 3 7 )
1 . 5 9 - 1 . 3 5 ( - 1 . 9 1 )
3 Ref. (247)
4 . 3  E n t h a l p i e s  o f  C o m p l e x a t i o n  o f  M e t a l  I o n s  a n d  D i b e n z o  C r y p t a n d  2 2 2
i n  D i p o l a r  A p r o t i c  S o l v e n t s  a t  2 9 8 . 1 5  K .
S o  f a r  t h e  e q u i l i b r i u m  c o n s t a n t s  a n d  t h e  f r e e  e n e r g i e s  o f  c o m p l e x a ­
t i o n  o f  m e t a l  c a t i o n s  a n d  d i b e n z o  c r y p t a n d  2 2 2  i n  t h e  d i p o l a r  a p r o t i c
s o l v e n t s  a t  2 9 8 . 1 5  K  w e r e  d i s c u s s e d .  T h e s e  v a l u e s  a r e  r e l e v a n t  i n  t h e  
d e t e r m i n a t i o n  o f  e n t h a l p i e s  o f  c o m p l e x a t i o n  b e t w e e n  i o n s  a n d  l i g a n d s  
s i n c e  l o w  s t a b i l i t y  c o n s t a n t s  l e a d  t o  i n c o m p l e t e  c o m p l e x a t i o n .
T h e r e f o r e  t h e  h e a t  m e a s u r e d  i s  n o t  r e f e r r e d  t o  1 0 0 %  o f  r e a c t i o n  a n d  
c a n n o t  b e  d i r e c t l y  u s e d  f o r  t h e  c a l c u l a t i o n  o f  t h e  s t a n d a r d  e n t h a l p y  
c h a n g e ,  A H ° ,  o f  c o m p l e x a t i o n  b e t w e e n  m e t a l  c a t i o n s  a n d  l i g a n d s .
T h e  r e l a t i v e l y  l a r g e  v a l u e s  o f  s t a b i l i t y  c o n s t a n t s  b e t w e e n  m e t a l ( I )  
c a t i o n s  a n d  d i b e n z o  c r y p t a n d  2 2 2  i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  a t
2 9 8 . 1 5  K  ( s e e  T a b l e s  1 9 - 2 3  )  a r e  a n  i n d i c a t i o n  t h a t  o n  m i x i n g  a
g i v e n  c a t i o n  s a l t  w i t h  t h i s  l i g a n d ,  t h e  p e r c e n t a g e  o f  c o m p l e x  f o r m e d  
i s  c l o s e  t o  1 0 0 % .  T h e r e f o r e ,  t h e  h e a t  m e a s u r e d  ( t a k i n g  i n t o  a c c o u n t  a l l
c o r r e c t i o n s  i n v o l v e d )  c a n  b e  u s e d  f o r  t h e  c a l c u l a t i o n  o f  A H °  o f  t h e s e
c
c a t i o n s  a n d  d i b e n z o  c r y p t a n d  2 2 2  i n  t h e  v a r i o u s  s o l v e n t s .
A H °  v a l u e s  f o r  a l k a l i - m e t a l  a n d  s i l v e r  c a t i o n s  w i t h  d i b e n z o  c r y p t a n d  
2 2 2  i n  N - N  d i m e t h y l f o r m a m i d e ,  d i m e t h y l s u l p h o x i d e ,  p r o p y l e n e  c a r b o n a t e ,  
a c e t o n i t r i l e  a n d  n i t r o m e t h a n e  a t  2 9 8 . 1 5  K  a r e  g i v e n  i n  T a b l e s  2 7 - 5 2 .
A l s o  i n c l u d e d  i n  t h e s e  t a b l e s  a r e  t h e  e x p e r i m e n t a l  c o n d i t i o n s  u n d e r  
w h i c h  t h e s e  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  ( e l e c t r o l y t e  a n d  l i g a n d  c o n c e n ­
t r a t i o n s )  .  I n  t h e  a b s e n c e  o f  i o n - p a i r  f o r m a t i o n  b e t w e e n  t h e  c a t i o n s  
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( M  a n d  M  2  2 2 )  a n d  t h e  a n i o n  i n  a  g i v e n  s o l v e n t ,  t h e  h e a t  m e a s u r e d
( Q o b s 7 i n v o l v e s  t h e  c o n t r i b u t i o n  o f  t h e  h e a t  d u e  t o  a m p o u l e  b r e a k i n g
( Q  ) ,  t h e  h e a t  o f  s o l u t i o n  ( Q  )  o f  d i b e n z o  c r y p t a n d  2 2 2  i n  t h e  a p p r o p r i a t eSjD S
than the cavities of cryptand 222 and dibenzo cryptand 222 as given in
Table 3 (see Introduction, Chapter 1).
s o l v e n t  a n d  t h e  h e a t  o f  c o m p l e x a t i o n ,  ( Q  ) ,  b e t w e e n  t h e  c a t i o n  a n d  t h e
c
l i g a n d  a s  g i v e n  b y
2 o b s  "  C c  +  e a b  +  2 s  < 4 - 4 >
N o  m e a s u r a b l e  h e a t s  w e r e  o b s e r v e d  w h e n  e m p t y  a m p o u l e s  w e r e  b r o k e n  i n  t h e
s o l v e n t s .  v a l u e s  f o r  d i b e n z o  c r y p t a n d  2 2 2  i n  t h e  a p p r o p r i a t e
s o l v e n t  a t  2 9 8 . 1 5  K  a r e  t h o s e  d e r i v e d  f r o m  T a b l e s  6 2 - 6 6 .  I t  h a s  b e e n  c l a i m e d
t h a t  w h e n  s l o w  r e a c t i o n s  w e r e  o b s e r v e d  i n  t h e  d e t e r m i n a t i o n  o f  s t a b i l i t y
c o n s t a n t s  b y  t h e  c o m p e t i t i v e  m e t h o d ,  t h e s e  r e a c t i o n s  c o u l d  n o t  b e
2 4 9
s t u d i e d  c a l o r i m e t r i c a l l y .  T h i s  i s  c e r t a i n l y  n o t  t h e  c a s e  f o r  h e a t
m e a s u r e m e n t s  c a r r i e d  o u t  c a l o r i m e t r i c a l l y ,  s i n c e  i n  t h i s  m e t h o d  t h e  f r e e
l i g a n d  i s  a v a i l a b l e  f o r  c o m p l e x a t i o n .  I n  a l l  c a s e s  t h e  r e a c t i o n s  w e r e
v e r y  f a s t .  A s  c a n  b e  a p p r e c i a t e d  i n  T a b l e s  2 7 - 5 2  ,  n o  v a r i a t i o n
i n  e n t h a l p i e s  o f  c o m p l e x a t i o n  w a s  f o u n d  w i t h  c h a n g e s  i n  t h e  m e t a l  o r
l i g a n d  c o n c e n t r a t i o n .
I t  w a s  n o t  p o s s i b l e  t o  m e a s u r e  t h e  h e a t  o f  c o m p l e x a t i o n  o f  l i t h i u m
a n d  c a e s i u m  c a t i o n s  w i t h  d i b e n z o  c r y p t a n d  2 2 2  i n  N - N  d i m e t h y l f o r m a m i d e
a n d  d i m e t h y l s u l p h o x i d e  s i n c e  v e r y  s m a l l  h e a t s  w e r e  f o u n d  f o r  t h e s e  r e a c t i o n s ,
I n  f a c t ,  t h e  v a l u e s  o b s e r v e d  w e r e  i n d e e d  v e r y  c l o s e  t o  t h o s e  f o r  t h e  h e a t s
o f  s o l u t i o n  o f  d i b e n z o  c r y p t a n d  2 2 2  i n  D M F  a n d  D M S O .  D u e  t o  t h e  v e r y
l o w  s o l u b i l i t y  o f  d i b e n z o  c r y p t a n d  2 2 2  i n  w a t e r  ( s e e  T a b l e  6 2 a ,  p a g e  1 8 0  )
i t  w a s  n o t  p o s s i b l e  t o  m e a s u r e  t h e  h e a t s  o f  c o m p l e x a t i o n  o f  m e t a l  c a t i o n s
a n d  t h i s  l i g a n d  i n  t h i s  s o l v e n t .
U s i n g  t h e  f a c i l i t i e s  o f f e r e d  a t  t h e  U n i v e r s i t y  o f  L u n d  ( S w e d e n ) ,
a t t e m p t s  w e r e  m a d e  t o  d e t e r m i n e  t h e  h e a t  o f  s o l u t i o n  o f  2 2  2  i n  w a t e r  a t
B  B
2 5 0
2 9 8 . 1 5  K  w i t h  t h e  n e w  m i c r o c a l o r i m e t e r  d e s i g n e d  b y  W a d s o  a n d  S u u r k u u s k .
T h i s  e q u i p m e n t  h a s  b e e n  d e s i g n e d  s o  t h a t  h e a t  o f  s o l u t i o n  o f  s l i g h t l y
s o l u b l e  c o m p o u n d s  c o u l d  b e  m e a s u r e d .  A l t h o u g h  t h e  s o l u b i l i t y  o f  
d i b e n z o  c r y p t a n d  2 2 2  i s  w i t h i n  t h i s  r a n g e ,  i t s  r a t e  o f  d i s s o l u t i o n  i s  
e x t r e m e l y  s l o w .  T h e r e f o r e ,  i t  w a s  n o t  p o s s i b l e  t o  m e a s u r e  t h e  h e a t  o f  
s o l u t i o n  o f  d i b e n z o  c r y p t a n d  2 2 2  i n  w a t e r  a t  2 9 8 . 1 5  K .
I n  t h e  p r o c e s s  o f  c o m p l e x  f o r m a t i o n  b e t w e e n  a  m e t a l  c a t i o n  a n d  a  
l i g a n d  t h e r e  a r e  m a n y  f a c t o r s  t o  b e  c o n s i d e r e d .  A m o n g  t h e s e  a r e  t h e  
d e s o l v a t i o n  ( p a r t i a l  o r  t o t a l )  o f  t h e  c a t i o n  w h e n  e n t e r i n g  t h e  c a v i t y  o f  
t h e  l i g a n d  a n d  t h e  i n t e r a c t i o n  b e t w e e n  t h e  d o n o r  a t o m s  o f  t h e  l i g a n d  a n d  
t h e  m e t a l  i o n .  A n  e n d o t h e r m i c  r e a c t i o n  s h o u l d  b e  a s s o c i a t e d  w i t h  
d e s o l v a t i o n  a n d  a n  e x o t h e r m i c  r e a c t i o n  w i t h  i n t e r a c t i o n .
T h e  A H °  v a l u e s  f o r  m e t a l  i o n s  a n d  d i b e n z o  c r y p t a n d  2 2 2  i n  t h e  d i p o l a r  
a p r o t i c  s o l v e n t s  a r e  n e g a t i v e  ( e x o t h e r m i c  r e a c t i o n ) ,  t h u s  i n d i c a t i n g  t h a t  
t h e  i n t e r a c t i o n  b e t w e e n  t h e  l i g a n d  a n d  t h e  c a t i o n  p r e d o m i n a t e s .
C a t i o n s  s u c h  a s  t h e  a l k a l i  m e t a l s  a r e  s t r o n g l y  s o l v a t e d  i n  N - N  
d i m e t h y l f o r m a m i d e  a n d  d i m e t h y l s u l p h o x i d e .  T h i s  i s  n o t  t h e  c a s e  f o r  
s o l v e n t s  l i k e  a c e t o n i t r i l e ,  p r o p y l e n e  c a r b o n a t e  a n d  n i t r o m e t h a n e .  
T h e r e f o r e ,  t h e  d e s o l v a t i o n  o f  c a t i o n s  w h e n  e n t e r i n g  t h e  c a v i t y  o f  t h e  
l i g a n d  w o u l d  b e  g r e a t e r  f o r  D M F  a n d  D M S O  t h a n  f o r  t h e  o t h e r  s o l v e n t s  ( A N ,  
P C  a n d  N M ) .  A s s u m i n g  t h a t  t h e  i n t e r a c t i o n  b e t w e e n  a  g i v e n  m e t a l  a n d  a  
g i v e n  l i g a n d  i s  a l m o s t  c o n s t a n t ,  i t  s h o u l d  b e  e x p e c t e d  t h a t  t h e  e x o ­
t h e r m i c  c h a r a c t e r  o f  t h e  c o m p l e x a t i o n  r e a c t i o n  d e c r e a s e s  i n  N - N  
d i m e t h y l f o r m a m i d e  a n d  d i m e t h y l s u l p h o x i d e  w i t h  r e s p e c t  t o  A N ,  P C  a n d  N M .  
T h i s  i s  i n d e e d  t h e  c a s e ,  a s  c a n  b e  a p p r e c i a t e d  f r o m  T a b l e s  2 7 - 5 2 .
E n t h a l p i e s  o f  c o m p l e x i n g  f o r  t h e  a l k a l i - m e t a l  c a t i o n s  a n d  d i b e n z o  
c r y p t a n d  2 2 2  i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  a r e  c o m p a r e d  w i t h  c o r r e s ­
p o n d i n g  d a t a  f o r  t h e  s a m e  c a t i o n s  a n d  c r y p t a n d  2 2 2  i n  t h e  s a m e  s o l v e n t s .  
T h e s e  a r e  l i s t e d  i n  T a b l e  5 3 .  E x c e p t  f o r  r u b i d i u m ,  t h e  A H °  v a l u e s  f o r  
d i b e n z o  c r y p t a n d  2 2 2  a r e  v e r y  c l o s e  t o  t h o s e  f o r  c r y p t a n d  2 2 2  i n  t h e s e
T h e  A H ®  v a l u e s  f o r  r u b i d i u m  a n d  d i b e n z o  c r y p t a n d  2 2 2  i n  v a r i o u s  
s o l v e n t s  a r e  l o w e r  t h a n  t h e  A H ®  v a l u e s  f o r  t h i s  c a t i o n  a n d  c r y p t a n d  2 2 2  
i n  t h e s e  s o l v e n t s .  T h e  e n t h a l p y  p a r a m e t e r  c e r t a i n l y  m a k e s  a  c o n t r i ­
b u t i o n  t o  t h e  f r e e  e n e r g y  o f  c o m p l e x a t i o n  ( A g ® )  o f  r u b i d i u m  d i b e n z o
c
c r y p t a t e  2 2 2 .  T h e  d e c r e a s e  i n  s t a b i l i t y  ( m o r e  p o s i t i v e )  A g ®  f o r  t h e
c o m p l e x e s  f o r m e d  b e t w e e n  t h e  r u b i d i u m  c a t i o n  a n d  2 2  2  w i t h  r e s p e c t  t o
B B
3.56 160
2 2 2  h a s  a l s o  b e e n  o b s e r v e d  i n  m e t h a n o l  '  a n d  h a s  b e e n  a t t r i b u t e d  
t o  a n  i n c r e a s e  i n  t h e  r i g i d i t y  a n d  a  d e c r e a s e  i n  t h e  c a v i t y  s i z e  o f  t h e  
l i g a n d  d u e  t o  t h e  i n t r o d u c t i o n  o f  b e n z e n e  r i n g  i n  t h e  s t r u c t u r e  o f  t h e  
l i g a n d .  T h i s  s h o u l d  a l s o  b e  r e f l e c t e d  f o r  a  l a r g e r  c a t i o n  s u c h  a s
o
c a e s i u m  ( 1 . 6 5  A ) .  H o w e v e r ,  t h i s  i s  n o t  t h e  c a s e  a s  c a n  b e  s e e n  f r o m
t h e  v a l u e s  g i v e n  i n  T a b l e  5 3  f o r  t h e  e n t h a l p i e s  o f  c o m p l e x a t i o n  o f  t h e s e
t w o  l i g a n d s  ( 2 2  2  a n d  2 2 2 )  i n  p r o p y l e n e  c a r b o n a t e ,  a c e t o n i t r i l e  a n d  
B B
n i t r o m e t h a n e .  I t  c o u l d  b e  t h a t  a n  i n c r e a s e  i n  p o l a r i z a b i l i t y  o f  b o t h
t h e  l i g a n d  ( 2 2  2 w i t h  r e s p e c t  t o  2 2 2 )  a n d  t h e  c a t i o n  ( C s +  r e s p e c t  t o  
B B
4*
R b  )  f a v o u r s  c o m p l e x a t i o n  i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s .
A  c o n s i d e r a b l e  a m o u n t  o f  r e s e a r c h  h a s  b e e n  d i r e c t e d  t o  t h e  e s t a b l i s h ­
m e n t  o f  c o n v e n t i o n s  w h i c h  c o u l d  b e  u s e d  f o r  t h e  c a l c u l a t i o n  o f  s i n g l e - i o n  
q u a n t i t i e s  f o r  t r a n s f e r s  f r o m  w a t e r  t o  o t h e r  s o l v e n t s .  T h e  t h e r m o -
4~
d y n a m i c  p a r a m e t e r s  f o r  t h e  t r a n s f e r  o f  e l e c t r o l y t e s  ( M  +  X  )  f r o m  w a t e r
t o  n o n - a q u e o u s  s o l v e n t s  i n v o l v e s  t h e  c o n t r i b u t i o n  o f  t h e  a n i o n  a n d
c a t i o n .  A  b e t t e r  u n d e r s t a n d i n g  o f  t h e  s o l v a t i o n  p r o c e s s  c a n  b e  a c h i e v e d
f r o m  s i n g l e - i o n  v a l u e s .  T h e r e f o r e ,  i t  i s  c o n v e n i e n t  t o  s p l i t  t h e
t h e r m o d y n a m i c  q u a n t i t i e s  o f  t r a n s f e r  ( A G ° ,  A h ®  a n d  A S ® )  i n t o  s i n g l e - i o n
c o n t r i b u t i o n s .  T h e  v a r i o u s  e x t r a t h e r m o d y n a m i c  c o n v e n t i o n s  p r o p o s e d  a n d
t h e  r e l i a b i l i t y  o f  t h e  s i n g l e - i o n  v a l u e s  d e r i v e d  f r o m  t h e s e  c o n v e n t i o n s
2 5 1  2 5 2
h a v e  b e e n  e x t e n s i v e l y  d i s c u s s e d  b y  M a r c u s .  '
reaction media.
A  c o n v e n t i o n  w h i c h  i s  w i d e l y  u s e d  i s  t h a t  p r o p o s e d  b y  P a r k e r  a n d  
2 5 3
C o - w o r k e r s .  T h i s  c o n v e n t i o n  w a s  b a s e d  o n  t h e  f a c t  t h a t  t h e  t h e r m o ­
d y n a m i c  p a r a m e t e r s  f o r  t h e  t r a n s f e r  o f  t h e  t e t r a p h e n y l a r s o n i u m  t e t r a -  
p h e n y l b o r a t e  ( P h ^ A s P h ^ B )  a n d  t e t r a p h e n y l p h o s p h o n i u m  t e t r a p h e n y l b o r a t e  
( P h ^ P P h ^ B )  e l e c t r o l y t e s  f r o m  w a t e r  t o  n o n - a q u e o u s  s o l v e n t s  w e r e  f o u n d  
t o  b e  a p p r o x i m a t e l y  e q u a l  t o  t w i c e  o f  t h e  v a l u e  f o r  t h e  t h e r m o d y n a m i c  
p a r a m e t e r  f o r  t h e  t r a n s f e r  o f  a n  u n c h a r g e d  m o l e c u l e ,  s u c h  a s  t e t r a p h e n y l -  
m e t h a n e  ( P h ^ C ) .  S o  i t  w a s  s u g g e s t e d  t h a t
A P ° ( P h  A s + ) ( H  O + s )  + .  A P ° ( P h B “ ) ( H O + s )  ( 4 . 5 )C 4 2 t  4 2
A P ° ( P h 4 P + ) ( H 2 0 ^ s )  +  A P ° ( P h 4 B ~ ) ( H 2 0 + 3 )  ( 4 . 6 )
F o r  P  =  G ,  H  o r  s
O t h e r  a p p r o a c h e s  t o  t h e  d e t e r m i n a t i o n  o f  s i n g l e  i o n  v a l u e s  o f  t r a n s f e r
a s  w e l l  a s  t h e o r e t i c a l  s t u d i e s  t o  c a l c u l a t e  t h e m  h a v e  b e e n  s u m m a r i s e d  
2 5 1
b y  M a r c u s  .  T h e  f i r s t  s u g g e s t i o n  t h a t  c r y p t a n d s  c o u l d  b e  u s e d  f o r  t h e
2 5 4
a s s i g n m e n t  o f  s i n g l e - i o n  v a l u e s  w a s  m a d e  b y  V i l l e r m a u x  a n d  D e l p u e c h .
T h e s e  a u t h o r s  s h o w e d  t h a t
A G ° [ N a + 2 2 1 ] X - ( H  O - i - M e O H  a q . )  =  A G ° X ~  ( H  O + M e O H  a q . )  ( 4 . 7 )
t  2  t  2
F o r  X  =  C l  ,  N  ( v a l u e s  b a s e d  i n  t h e  P h 4 A s P h 4 B  c o n v e n t i o n )
I n  t h e  e q u a t i o n  ( 4 . 7 ) ,  2 2 1  i s  t h e  n o t a t i o n  u s e d  t o  i n d i c a t e  c r y p t a n d  2 2 1 .
H e a t s  o f  c o m p l e x a t i o n  d a t a  f o r  a l k a l i - m e t a l  a n d  s i l v e r  c a t i o n  h a v e  
s h o w n  t o  b e  u s e f u l  p a r a m e t e r s  i n  t h e  d e t e r m i n a t i o n  o f  s i n g l e  i o n  f o r  t h e  
t r a n s f e r  o f  t h e s e  c a t i o n s .
Table 27 Enthalpy of complexation of dibenzo cryptand 222 with sodium
perchlorate in N,N dimethylformamide at 298.15 K.
[ N a C I O  ] / m o l  d m  3  [ 2 2  2 1 / m o l  d m  3  Q a / c a l .4  B B
1 . 3 2  x  1 0  3  3 . 4  x  1 0  4  0 . 1 7 4
- 3  - 4
1 . 2 3  x  1 0  3 . 2  x  1 0  0 . 1 5 5
1 . 5 2  x  1 0  3  3 . 8  x  1 0  4  0 . 1 9 9
1 . 2 6  x  1 0  3  3 . 2  x  1 0  4  0 . 1 6 5
A v e r a g e  V a l u e  A h °  =  - 9 8 4 7  ±  8 0  c a l . m o l  1
A H ° / c a l . m o l
c
- 9 8 5 4
- 9 7 3 0
- 9 9 0 9
- 9 8 9 5
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 28 Enthalpy of complexation of dibenzo cryptand 222 with potassium
perchlorate in N,N Dimethylformamide at 298.15 K.
AH°/cal.mol 1 c
- 1 3 , 2 8 5  
- 1 3 , 2 6 7  
- 1 3 , 1 2 2  
- 1 3 , 2 0 0
. o -1
A v e r a g e  V a l u e  A h ^  =  - 1 3 , 2 2 4  ±  7 1  c a l . m o l
—3 _3 a
[ K C I O  ] / m o l  d m  [ 2 2  2  ] / m o l  d m  Q / = a l .= B B
- 5  - 5
8 . 7 0  x  1 0  1 . 9 0  x  1 0  0 . 0 1 6
- 4  - 5
2 . 7 0  x  1 0  6 . 3 0  x  1 0  0 . 0 5 3
- 4  - 5
2 . 1 0  x  1 0  5 . 2 0  x  1 0  0 . 0 4 3
- 5  - 5
5 . 9 0  x  1 0  1 . 2 0  x  1 0  0 . 0 1 0
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
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Table 29 Enthalpy of complexation of dibenzo cryptand 222 with rubidium
perchlorate in N,N Dimethylformamide at 298.15 K.
[ R b C l O ^ / m o l  d m  3  [ 2 2 ^ 3 / m o l  d m  3  Q a / c a l .  A H ° / c a l . m o l  1
— ”4
5 . 9 5  x  1 0  * 2 . 2 8  x  1 0  0 . 1 5 2  - 1 1 , 4 4 6
5 . 4 1  x  1 0 ~ 3  2 . 0 8  x  1 0 " 4  0 . 1 3 4  - 1 1 , 3 4 3
6 . 1 3  x  1 0  3  2 . 2 9  x  I O ” 4  0 . 1 4 8  - 1 1 , 3 6 0
7 . 1 0  x  1 0  ^ 2 . 2 5  x  1 0 ~ 4  0 . 0 0 5  - 1 1 , 3 4 9
A v e r a g e  V a l u e  A H °  =  - 1 1 3 7 4  ±  9 5  c a l . m o l  1  
c
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
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Table 30 Enthalpy of complexation of dibenzo cryptand 222 with silver
perchlorate in N,N Dimethylformamide at 298.15 K.
A H ° / c a l . m o l  ^  c
- 1 5 , 4 0 5  
- 1 5 , 4 0 5  
- 1 5 , 2 3 8  
- 1 5 , 2 6 6
A v e r a g e  V a l u e  A H °  =  - 1 5 3 3 3  ±  1 2 0  c a l . m o l  ^  
c
[ A g C l O j / m o l  s m  [ 2 2 B 2 B ] / m o l  d m  Q a / c a l ,
- 4  - 4
8 . 8 0  x  1 0  1 . 6  x  1 0  0 . 1 7 2
- 4  - 4
4 . 6 0  x  1 0  1 . 5  x  1 0  0 . 1 6 4
- 3  - 4
1 . 7 4  x  1 0  7 . 6  x  1 0  0 . 8 2 6
- 4  - 4
2 . 4 0  x  1 0  1 . 0  x  1 0  0 . 0 0 2
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
s o d i u m  p e r c h l o r a t e  i n  D i m e t h y l s u l p h o x i d e  a t  2 9 8 . 1 5  K .
Table 31 Enthalpy of complexation of dibenzo cryptand 22 2 withB. B
[ N a C l O ^ ]  / m o l  d m  3  [ 2 2 ^ 2 ^  ]  / m o l  d m  3  Q a / c a l ,
- 4  - 4
4 . 3 9  x  1 0  1 . 1 2  x  1 0  0 . 0 6 5
3 . 1 0  x  1 0 ~ 4  7 . 9  x  1 0  5  0 . 0 4 5
- 4  - 4
5 . 2 6  x  1 0  '  1 . 3 6  x  1 0  0 . 0 7 9
1 . 8 2  x  1 0  3  4 . 7 1  x  1 0  4  0 . 2 8 0
A v e r a g e  V a l u e  A H °  =  - 1 1 , 2 1 1  ±  6 0  c a l . m o l  1
A H  / c a l . m o l  
c
-11,212
- 1 1 , 1 4 8
- 1 1 , 1 9 5
- 1 1 , 2 9 1
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
p o t a s s i u m  p e r c h l o r a t e  i n  D i m e t h y l s u l p h o x i d e  a t  2 9 8 . 1 5  K .
Table 32 Enthalpy of complexation of dibenzo cryptand 22 .2 withB B
.  o
A h  / c a l . m o l  
c
- 1 4 , 2 9 3
- 1 4 , 4 0 3
- 1 4 , 2 1 3
- 1 4 , 3 0 5
A v e r a g e  V a l u e  A H ®  =  - 1 4 , 3 0 3  ±  7 8  c a l . m o l  4
[ K C l 0 4 ] / m o l  d m  [ 2 2 ^ . ] / m o l  d m  Q a / c a l .
- 4  - 4
3 . 4 8  x  1 0  1 . 0 2  x  1 0  0 . 0 9 1
9 . 8 0  x  1 0  4  2 . 8 4  x  1 0 _ 4  0 . 2 5 7
2 . 4 0  x  1 0  4  6 . 2 0  x  1 0 ~ 5  0 . 0 5 4
4 . 5 0  x  1 0  4  1 . 1 5  x  1 0 " 4  0 . 1 0 3
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 33 Enthalpy of complexation of dibenzo cryptand 222 with
rubidium perchlorate in Dimethylsulphoxide at 298.15 K.
A H ° / c a l . m o lc
-12,868
- 1 2 , 8 2 4
- 1 2 , 7 0 7
- 1 2 , 8 1 8
A v e r a g e  V a l u e  A H °  =  - 1 2 , 8 0 4  ±  6 8  c a l . m o l  ^
c
[ R b C I O  ] / m o l  d m  3  [ 2 2  2  ] / m o l  d m  3  Q a / c a l .
B B
—A _ 4
3 . 9 0  x  1 0  1 . 5 2  x  1 0  0 . 1 1 4
3 . 4 5  x  1 0 ~ 3  1 . 3 2  x  1 0  4  0 . 1 0 0
- 3  - 4
8 . 2 5  x  1 0  2 . 3 2  x  1 0  0 . 1 6 8
- 3  - 4
6 . 2 5  x  1 0  2 . 3 5  x  1 0  0 . 1 7 5
This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
T a b le  34 Enthalpy of complexation of dibenzo cryptand 222 with
silver perchlorate in Dimethylsulphoxide at 298.15 K.
[ A g C I O  ] / m o l  d m  3  [ 2 2  2 1 / m o l  d m  3  Q a / c a l .4  B B
- 3  - 4
1 . 0 2  x  1 0  4 . 3 7  x  1 0  0 . 2 9 1
- 4  - 4
9 . 8 5  x  1 0  4 . 2 8  x  1 0  0 . 2 7 9
- 3  - 4
1 . 1 0  x  1 0  4 . 3 2  x  1 0  0 . 5 2 8
- 3  - 4
1 . 2 8  x  1 0  4 . 3 1  x  1 0  0 . 4 5 4
, o -1
A v e r a g e  V a l u e  A H ^  =  - 1 1 , 9 7 5  ±  6 6  c a l . m o l
- 1 2 , 0 3 9
- 1 1 , 9 1 0
- 1 2 , 0 2 5
- 1 1 , 9 2 8
A H ° /c a l .m o lc
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
T a b le  35 Enthalpy of complexation of dibenzo cryptand 222 with
lithium perchlorate in acetonitrile at 298.15 K.
- 7 , 8 4 7  
- 7 , 9 1 7  
- 7 , 9 1 2  
- 7 ,  9 0 6
A H ° /c a l .m o lc
A v e r a g e  V a l u e  A h °  =  - 7 , 8 9 5  ±  5 0  c a l . m o l  ^  
c
[ L i C l O  ] / m o l  d m  [ 2 2  2  , ] / m o l  d m  Q a / c a l .
4  B  B
- 4  - 4
9 . 0 5  x  1 0  2 . 0 1  x  1 0  0 . 0 3 9
- 3  - 4
2 . 3 5  x  1 0  5 . 2 3  x  1 0  0 . 1 0 7
2 . 8 3  x  1 0 " 3  6 . 2 1  x  1 0  4  0 . 1 2 7
- 4  - 4
6 . 3 8  x  1 0  1 . 4 1  x  1 0  0 . 0 3 0
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 36 Enthalpy of complexation of dibenzo cryptand 222 with
sodium perchlorate in acetonitrile at 298.15 K.
- 1 4 , 4 2 0
- 1 4 , 4 4 0
- 1 4 , 5 6 8
- 1 4 , 6 5 6
AH°/cal.molc
A v e r a g e  V a l u e  A H °  =  - 1 4 , 5 2 2  ±  1 1 0  c a l . m o l  1
[ N a C l O j / m o l  d m  3  [ 2 2  . 2  1 / m o l  d m ~ 3  Q a / c a l .
ft B  B
- 4  - 4
4 . 5 6  x  1 0  1 . 1 3  x  1 0  0 . 0 9 6
5 . 8 4  x  1 0 ~ 4  1 . 4 7  x  1 0  4  0 . 1 2 5
- 4  - 4
4 . 8 8  x  1 0  1 . 2 4  x  1 0  0 . 1 0 7
- 4  - 5
3 . 5 2  x  1 0  8 . 9 0  x  1 0  0 . 0 7 8
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 37 Enthalpy of complexation of dibenzo cryptand 222 with
potassium perchlorate in acetonitrile at 298.15 K.
[ K C 1 0  J / m o l  d m  3  [ 2 2  2  ] / m o l  d m  3  Q a / c a l .  A H CD B (
- 4  - 4
1 . 2 4  x  1 0  3 . 5 0  x  1 0  0 . 3 8 4
- 4  - 4
8 . 9 5  x  1 0  2 . 6 2  x  1 0  0 . 2 9 1
- 3  - 4
1 . 3 4  x  1 0  3 . 8 2  x  1 0  0 . 4 2 5
- 3  - 4
1 . 2 4  x  1 0  3 . 0 5  x  1 0  0 . 3 3 6
A v e r a g e  V a l u e  A H °  =  - 1 6 , 9 8 6  ±  7 4  c a l . m o l  1  
c
/ c a l . m o l
- 1 6 , 9 2 7
- 1 7 , 0 5 5
- 1 7 , 0 4 4
- 1 6 , 9 1 8
a ,This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 38 Enthalpy of complexation of dibenzo cryptand 222 with
rubidium perchlorate in acetonitrile at 298.15 K.
- 1 4 , 6 3 2
- 1 4 , 5 6 9
- 1 4 , 5 4 5
- 1 4 , 5 0 5
AH°/cal.molc
A v e r a g e  V a l u e  A H °  =  - 1 4 , 5 6 2  ±  5 3  c a l . m o l  4  
c
[ R b C l 0 4 ] / m o l  d m  [ 2 2 ^ ] / m o l  d m  Q a / c a l .
- 4  - 4
2 . 9 8  x  1 0  1 . 1 4  x  1 0  0 . 0 9 9
- 4  - 4
3 . 9 0  x  1 0  1 . 4 7  x  1 0  0 . 1 2 7
1 . 9 2  x  1 0  4  7 . 3 0  x  1 0  5  0 . 0 6 3
- 4  - 5
2 . 3 0  x  1 0  8 . 7 0  x  1 0  0 . 0 7 5
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 39 Enthalpy of complexation of dibenzo cryptand 222 with
cesium perchlorate in acetonitrile at 298.15 K.
[ C s C l O ^ ] / m o l  d m  3  [ 2 2 ^ ] / m o l  d m “ 3  Q a / c a l .
- 4  - 4
2 . 6 5  x  1 0  1 . 2 8  x  1 0  0 . 0 5 4
- 4  _ 4
5 . 6 3  x  1 0  2 . 7 1  x  1 0  0 . 1 2 6
- 4  - 4
3 . 1 4  x  1 0  1 . 4 8  x  1 0  0 . 0 6 4
- 4  - 4
3 . 9 7  x  1 0  1 . 5 9  x  1 0  0 . 0 7 4
A v e r a g e  V a l u e  A h °  =  - 1 0 , 3 1 9  ±  1 7 9  c a l . m o l  1  
c
- 1 0 , 1 2 4
- 1 0 , 5 3 1
- 1 0 , 2 3 1
- 1 0 , 3 9 3
Ah /cal.molc
a. This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 40 Enthalpy of complexation of dibenzo cryptand 222 with
silver perchlorate in acetonitrile at 298.15 IC.
[ A g C l O  ] / m o l  d m  3  [ 2 2  2  ] / m o l  s m  3  Q a / c a l
4  B  B
- 4  - 4
3 . 1 2  x  1 0  1 . 3 4  x  1 0  0 . 0 9 0
- 4  - 4
2 . 4 0  x  1 0  1 . 0 4  x  1 0  0 . 0 7 1
- 4  - 4
5 . 4 2  x  1 0  2 . 0 4  x  1 0  0 . 1 3 6
- 4  - 4
2 . 9 0  x  1 0  1 . 2 3  x  1 0  0 . 0 8 2
. o -1
A v e r a g e  V a l u e  A H ^  =  - 1 2 , 6 2 1  ±  7 7  c a l . m o l
- 1 2 , 6 3 7
- 1 2 , 7 2 4
- 1 2 , 5 6 0
- 1 2 , 5 6 5
AH /cal.molc
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 41 Enthalpy of complexation of dibenzo cryptand 222 with
lithium perchlorate in propylene carbonate at 298.15 K
[ L i C l O  ] / m o l  d m  3  [ 2 2  2  ] / m o l  d m  3  Q a / c a l .  A h C
44 B B
1 . 8 6  x  1 0 ~ 3  4 . 1 5  x  1 0  4  0 . 1 2 2
- 3  - 4
2 . 2 3  x  1 0  4 . 7 2  x  1 0  0 . 1 3 6
1 . 7 2  x  1 0  3  3 . 8 3  x  1 0 ” 4  0 . 1 1 6
- 4  - 4
8 . 8 2  x  1 0  1 . 8 3  x  1 0  0 . 0 5 4
A v e r a g e  V a l u e  A H ®  =  - 8 7 6 4  ±  6 0  c a l . m o l  1
/ c a l . m o l
- 8 , 7 4 6
- 8 , 6 9 9
- 8 , 8 4 4
- 8 , 7 6 9
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 42 Enthalpy of complexation of dibenzo cryptand 222 with
sodium perchlorate in propylene carbonate at 298.15 K.
- 3  - 3  a
[ N a C l O  ] / m o l  d m  [ 2 2  2  . ] / m o l  d m  Q  / c a l
^  B  B
- 4  - 5
2 . 6 3  x  1 0  6 . 5 0  x  1 0  0 . 0 6 3
- 4  - 4
4 . 9 4  x  1 0  1 . 2 6  x  1 0  0 . 1 2 5
4 . 9 9  x  1 0  4  1 . 2 5  x  1 0  4  0 . 1 2 3
- 4  - 4
5 . 3 2  x  1 0  1 . 2 6  x  1 0  0 . 1 2 5
A v e r a g e  V a l u e  A H °  =  - 1 5 , 7 1 5  ±  7 9  c a l . m o l  ^  
c
AH°/cal.mol
- 1 5 , 6 1 8
- 1 5 , 7 8 0
- 1 5 , 6 8 3
- 1 5 , 7 8 0
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 43 Enthalpy of complexation of dibenzo cryptand 222 with
potassium perchlorate in propylene carbonate at 298.15 K.
[ K C l O  ] / m o l  d m  3  [ 2 2  2  ] / m o l  d m “ 3  Q & / c a l .  A H C
4 5  B  C
4 . 6 8  x  1 0  4  1 . 3 5  x  1 0  4  0 . 1 5 3
1 . 3 8  x  1 0 ” 3  3 . 9 6  x  1 0  4  0 . 4 5 4
1 . 2 7  x  1 0  3  3 . 5 1  x  I O - 4  0 . 4 0 3
1 . 1 6  x  1 0  3  2 . 9 4  x  1 0 " 4  0 . 3 3 4
. o —1
A v e r a g e  V a l u e  A h ^  =  - 1 7 , 2 5 7  ±  8 5  c a l . m o l
cl This is the total heat of reaction including the heat of solution
ligand and the heat due to ampoule breaking.
/ c a l . m o l
- 1 7 , 1 6 2
- 1 7 , 2 7 2
- 1 7 , 3 6 5
- 1 7 , 2 3 1
o f  t h e
158.
T a b l e  4 4  E n t h a l p y  o f  c o m p l e x a t i o n  o f  d i b e n z o  c r y p t a n d  2 2 2  w i t h
r u b i d i u m  p e r c h l o r a t e  i n  p r o p y l e n e  c a r b o n a t e  a t  2 9 8 . 1 5  K .
[ R b C l O ^ l / m o l  d m
-3
[ 2 2  2  ]  / m o l .  d m  B B
- 3
Q a / c a l . A H ° / c a l  m o l  3  
c
3 . 1 0  x  1 0
-4
2 . 5 2  x  1 0
- 4
2 . 9 5  x  1 0
- 4
5 . 1 7  x  1 0
- 4
1 . 1 9  x  1 0
- 4
9 . 5 0  x  1 0
1 . 1 2  x  1 0
1 . 0 8  x  1 0
- 5
- 4
- 4
0 . 1 0 4
0 . 0 8 0
0 . 0 9 8
0 . 0 9 2
- 1 4 , 6 2 8
- 1 4 , 2 8 7
- 1 4 , 5 8 5
- 1 4 , 3 8 0
A v e r a g e  V a l u e  A H ®  = - 1 4 , 4 7 0  ±  1 6 3  c a l . m o l  3
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 45 Enthalpy of complexation of dibenzo cryptand 222 with
cesium perchlorate in propylene carbonate at 298.15 K.
[ C s C I O  ] / m o l  d m  3  [ 2 2  2  1 / m o l  d m  3  Q a / c a l .
^ B B
- 4  - 4
7 . 9 5  x  1 0  3 . 7 9  x  1 0  0 . 1 6 5
8 . 4 3  x  1 0 ~ 4  3 . 8 1  x  1 0  4  0 . 1 6 7
- 4  - 4
9 . 4 7  x  1 0  3 . 6 5  x  1 0  0 . 1 5 8
- 4  -4
9 . 8 7  x  1 0  3 . 8 4  x  1 0  0 . 1 7 1
, o -1
A v e r a g e  V a l u e  A h  =  - 1 0 , 1 9 9  ±  5 1  c a l . m o l  
c
A H ° / c a l . m o l
- 1 0 , 1 9 0
- 1 0 , 1 9 4
- 1 0 , 1 4 6
- 1 0 , 2 6 8
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 46 Enthalpy of complexation of dibenzo cryptand 222 with
silver perchlorate in propylene carbonate at 298.15 K.
[ A g C l O ^ t / m o l  d m  3  [ 2 2 B 2 B 3 / m o l  d m  3  Q a / c a l
3 . 9 3  x  1 0 ~ 4  1 . 6 9  x  1 0  4  0 . 2 8 6
4 . 1 3  x  1 0 - 4  1 . 6 3  x  1 0  4  0 . 2 7 3
4 . 4 5  x  1 0  4  1 . 6 7  x  1 0  4  0 . 2 8 7
6 . 1 4  x  1 0  4  1 . 6 8  x  1 0 " 4  0 . 2 8 6
, o —1
A v e r a g e  V a l u e  A H ^  =  - 2 2 , 8 2 3  ±  2 0 0  c a l . m o l
AH°/cal.mol
- 2 2 , 7 5 7
- 2 2 , 5 7 0
- 2 2 , 9 9 0
- 2 2 , 9 7 8
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 47 Enthalpy of complexation of dibenzo cryptand 222 with
lithium perchlorate in nitromethane at 298.15 K.
[ L i C I O  1 / m o l  d m  3  [ 2 2  2 1 / m o l  d m  3  Q a / c a l
4* B B
1 . 1 0  x  1 0  3  2 . 4 3  x  1 0  4  0 . 1 9 3
- 3  - 4
1 . 3 7  x  1 0  2 . 2 9  x  1 0  0 . 1 8 4
- 3  - 4
1 . 4 8  x  1 0  2 . 2 5  x  1 0  0 . 1 8 1
- 4  - 4
9 . 4 7  x  1 0  1 . 9 8  x  1 0  0 . 1 6 0
A v e r a g e  V a l u e  A h ®  =  - 1 3 , 9 7 8  ±  4 9  c a l . m o l  1
- 1 3 , 9 0 9
- 1 3 , 9 8 1
- 1 3 , 9 9 9
- 1 4 , 0 2 4
AH°/cal.molc
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 48 Enthalpy of complexation of dibenzo cryptand 222 with
sodium perchlorate in nitromethane at 298.15 K.
[ N a C l O  ] / m o l  d m  3  [ 2 2  2  ] / m o l  d m  3  Q a / c a l .4  B B
- 4  - 4
8 . 7 3  x  1 0  2 . 2 0  x  1 0  0 . 3 2 5
9 . 3 4  x  1 0  4  2 . 1 7  x  1 0  4  0 . 3 2 0
9 . 8 1  x  1 0  4  2 . 1 2  x  1 0  4  0 . 3 1 3
- 3  - 4
1 . 0 8  x  1 0  2 . 1 5  x  1 0  0 . 3 1 0
A v e r a g e  V a l u e  A H °  =  - 2 0 , 6 2 7  ±  1 5 7  c a l . m o l  1  
c
A H  / c a l . m o l  
c
- 2 0 , 7 2 1
- 2 0 , 7 1 1
- 2 0 , 6 8 5
- 2 0 , 3 9 5
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 49 Enthalpy of complexation of dibenzo cryptand 222 with
potassium perchlorate in nitromethane at 298.15 K.
[ K C I O  [ / m o l  d m  3  [ 2 2  2  . ] / m o l  d m  3  Q a / c a l .4  B B
- 4  - 4
9 . 8 3  x  1 0  2 . 8 7  x  1 0  0 . 3 6 3
- 4  - 4
9 . 7 9  x  1 0  2 . 8 4  x  1 0  0 . 3 5 8
- 3  - 4
1 . 0 7  x  1 0  2 . 8 6  x  1 0  0 . 3 6 0
1 . 0 0  x  1 0  3  2 . 7 6  x  1 0  4  0 . 3 4 6
A v e r a g e  V a l u e  A H °  =  - 1 8 , 5 6 5  ±  5 9  c a l . m o l  ^  
c
- 1 8 , 6 0 3
- 1 8 , 5 5 1
- 1 8 , 6 1 8
- 1 8 , 4 8 8
AH°/cal.molc
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 50 Enthalpy of complexation of dibenzo cryptand 222 with
rubidium perchlorate in nitromethane at 298.15 IC.
[ R b C I O  ] / m o l  d m  3  [ 2 2  2  ] / m o l  d m  3  Q a / c a l ,4* B B
7 . 8 5  x  1 0  4  2 . 8 7  x  1 0  4  0 . 3 2 8
- 4  - 4
8 . 1 2  x  1 0  2 . 7 5  x  1 0  0 . 3 0 7
- 4  - 4
8 . 7 9  x  1 0  2 . 7 6  x  1 0  0 . 3 1 4
9 . 1 8  x  1 0 ~ 4  2 . 7 3  x  1 0  4  0 . 3 0 6
, o -1
A v e r a g e  V a l u e  A H  =  - 1 7 , 2 4 9  ±  1 3 4  c a l . m o l  
c
A H  / c a l . m o l  c
- 1 7 , 3 9 1
- 1 7 , 1 2 6
- 1 7 , 3 3 8
- 1 7 , 1 4 4
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 51 Enthalpy of complexation of dibenzo cryptand 222 with
cesium perchlorate in nitromethane at 298.15 K.
[ C s C I O  1 / m o l  d m  [ 2 2 - 2  ] / m o l  d m  Q  / c a l .  A H  / c a l . m o l
^  B  B  C
2 . 4 8 X 1 0  4 1 . 1 5 X i o " 4 0 . 0 6 7 - 1 1 , 7 8 7
2 . 8 1 X i c f 4 1 . 3 1 X i o ~ 4 0 . 0 7 7 - 1 1 , 8 4 6
3 . 1 3 X 1 0 ~ 4 1 . 4 1 X i o ~ 4 0 . 0 8 7 - 1 2 , 1 7 8
5 . 1 2 X i o - 4 1 . 1 9 X i o " 4 0 . 0 6 9 - 1 1 , 7 9 2
A v e r a g e  V a l u e  A H °  =  - 1 1 , 9 0 0  ±  1 8 7  c a l . m o l  1
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
Table 52 Enthalpy of complexation of dibenzo cryptand 222 with
silver perchlorate in nitromethane at 298.15 K.
o
A h  / c a l . m o l  c
- 2 2 , 0 1 6  
- 2 2 , 1 8 8  
- 2 2 , 1 9 5  
- 2 2 , 2 4 7
A v e r a g e  V a l u e  A h °  =  - 2 2 , 1 6 1  ±  1 0 0  c a l . m o l  1
[ A g C l O  ] / m o l  d m  3  [ 2 2  2  ] / m o l  d m  3  Q a / c a l .4  B B
- 4  - 4
4 . 8 1  x  1 0  1 . 9 4  x  1 0  0 . 3 1 3
- 4  - 4
8 . 3 5  x  1 0  1 . 9 4  x  1 0  0 . 3 1 5
- 4  - 4
6 . 1 1  x  1 0  1 . 9 1  x  1 0  0 . 3 1 0
9 . 3 4  x  1 0  4  1 . 8 9  x  1 0  4  0 . 3 0 8
a This is the total heat of reaction including the heat of solution of the
ligand and the heat due to ampoule breaking.
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+ —
f r o m  p r o p y l e n e  c a r b o n a t e  t o  N , N  D i m e t h y l f o r m a m i d e ,  d i m e t h y l s u l p h o x i d e
a c e t o n i t r i l e  a n d  n i t r o m e t h a n e  a n d  d i f f e r e n c e s  b e t w e e n  e n t h a l p i e s  o f
c o m p l e x i n g  o f  m e t a l  i o n s  a n d  d i b e n z o  c r y p t a n d  2 2 2  i n  c o r r e s p o n d i n g
-1
s o l v e n t s  i n  k c a l  m o l  a t  2 9 8 . 1 5  K .
Table 54 Single ion enthalpies of transfer data (Ph^As /Ph^B convention)
N , N  D I M E T H Y L F O R M A M I D E
C a t i o n
N a
I<+
R b
C s "
A g
A H ° [ M + ] a A H ° ( D M F ) - A H
c  <
P C - > D M F
- 5 . 4 5 5 . 8 6
- 4 . 2 0 4 . 0 4
- 3 . 1 6 3 . 1 0
- 2 . 1 0 -
0<31ID1 7 . 4 9
C a t i o n
N a+
K
R b H
C s HAg
D I M E T H Y L S U L P H O X I D E
A H ° [ M + ]
P C - » - D M S O
- 4 . 1 8
- 3 . 1 0
- 2 . 1 4
- 1 . 3 1
- 1 0 . 6 2
A H  ( D M S O ) - A H  ( P C )  
c  c
4 . 5 0
2 . 9 6
1 . 6 7
1 0 . 8 5
C a t i o n
A C E T O N I T R I L E
AHt [M+ ]
PC+AN
A H  ( A N ) - A H  ( P C )  
c  c
L i
Na'
K +
Kb]
C s "
Ag"1
- 0 . 5 8
- 0 . 8 2
- 0 . 1 6
0 . 3 7
0 . 4 0
- 1 0 . 3 0
0 . 8 7
1 . 1 9
0 . 2 7
- 0 . 0 9
-0.20
10.20
C a t i o n
N I T R O M E T H A N E
AHt [M+ ]
P C - > N M
A H  ( N M ) - A H  ( P C )  
c  c
L i H
N a4*
K
R b '
C s H
A g H
5 . 7 9
5 . 5 0  5 . 1 3
2 . 5 4
1 . 5 5
- 5 . 2 2
- 4 . 9 2
- 1 . 3 0
- 2 . 7 8
- 1 . 7 0
0.66
a
Ref. 247
4.4 Entropies of Complexation of Metal Ions and Dibenzocryptand 222
i n  t h e  D i p o l a r  A p r o t i c  S o l v e n t s  a t  2 9 8 . 1 5  K .
S t a n d a r d  f r e e  e n e r g i e s  o f  c o m p l e x i n g  o f  m e t a l ( I )  c a t i o n s  a n d  d i b e n z o  
c r y p t a n d  2 2 2  i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  D M F ,  D M S O ,  A N ,  P C  a n d  N M  
r e p o r t e d  i n  T a b l e  2 5  a t  2 9 8 . 1 5  K  a r e  c o m b i n e d  w i t h  e n t h a l p y
d a t a  f o r  t h e  s a m e  p r o c e s s  i n  t h e  s a m e  s o l v e n t s  a s  g i v e n  i n  T a b l e  5 3 ,  
t o  o b t a i n  t h e  e n t r o p i e s  o f  c o m p l e x a t i o n  A s °  a c c o r d i n g  t o  t h e  r e l a t i o n s h i p
A G °  =  A H °  -  T A S °  ( 4 . 8 )
c  c  c
T h e  r e s u l t s  a r e  g i v e n  i n  T a b l e s  5 5 - 5 9 .  F o r  c o m p a r i s o n  p u r p o s e s
t h e  v a l u e s  o b t a i n e d  p r e v i o u s l y  f o r  c r y p t a n d  2 2 2  a n d  t h e  s a m e  m e t a l
c a t i o n s  i n  t h e  s a m e  s o l v e n t s  a r e  a l s o  g i v e n  i n  t h e s e  t a b l e s  ( i n  b r a c k e t s ) .
T h e  c o m p l e x a t i o n  o f  c a t i o n s  w i t h  d i b e n z o  c r y p t a n d  2 2 2  i n  a  g i v e n
s o l v e n t  r e s u l t s  i n  a  l o s s  o f  e n t r o p y  ( A s °  m o r e  n e g a t i v e )  w i t h  r e s p e c t  t o
t h e  c o m p l e x a t i o n  o f  t h e  s a m e  c a t i o n s  w i t h  c r y p t a n d  2 2 2  i n  t h e  s a m e
d i p o l a r  a p r o t i c  s o l v e n t s .  E x c e p t  f o r  r u b i d i u m ,  n o t  m u c h  v a r i a t i o n  i s
o b s e r v e d  i n  t h e  v a l u e s  f o r  t h e  e n t h a l p i e s  o f  c o m p l e x a t i o n  o f  m e t a l  i o n s
w i t h  d i b e n z o  c r y p t a n d  2 2 2  i n  t h e s e  s o l v e n t s  w i t h  r e s p e c t  t o  t h o s e  f o r
c r y p t a n d  2 2 2 .  T h e r e f o r e ,  t h e  d e c r e a s e  i n  s t a b i l i t y  ( A G °  m o r e  p o s i t i v e )
o b s e r v e d  f o r  m e t a l  i o n  d i b e n z o  c r y p t a n d  2 2 2  [ M  2 2  2  ]  r e l a t i v e  t o  m e t a l -13 B
i o n  c r y p t a t e s  [ M  2 2 2 ]  i s  e n t r o p y  c o n t r o l l e d .  A s  f a r  a s  t h e  a l k a l i -  
m e t a l  c a t i o n s  a r e  c o n c e r n e d ,  e n t r o p i e s  o f  c o m p l e x a t i o n  b e c o m e s  m o r e  
n e g a t i v e  f r o m  l i t h i u m  t o  c a e s i u m .  T h e  l o s s  o f  e n t r o p y  i n  t h e  c o m p l e x a ­
t i o n  p r o c e s s  i s ,  t h e r e f o r e ,  a s s o c i a t e d  w i t h  t h e  d e g r e e  o f  s o l v a t i o n  o f  
t h e  c a t i o n  i n  t h e  s o l v e n t ,  t h i s  b e i n g  c l o s e l y  r e l a t e d  w i t h  t h e  s i z e  o f  
t h e  c a t i o n .  S m a l l  c a t i o n s  a r e  g e n e r a l l y  m o r e  s o l v a t e d  t h a n  l a r g e  
c a t i o n s .  H e n c e ,  s m a l l  c a t i o n s  a r e  l i k e l y  t o  l o s e  m o r e  s o l v e n t  w h e n
e n t e r i n g  t h e  c a v i t y  o f  t h e  l i g a n d  t h a n  l a r g e  c a t i o n s .  C o n s i d e r a t i o n  o f
a s  o b t a i n e d  f r o m  c o m b i n a t i o n  o f  A s °  a n d  A S °  v a l u e s  g i v e n  b y  G h o u s s e i n i 2 4 7  
c o n f i r m  t h i s .  A s  e n t r o p i e s  o f  s o l v a t i o n  b e c o m e s  i n c r e a s i n g l y  m o r e  
p o s i t i v e ,  e n t r o p i e s  o f  c o m p l e x a t i o n  b e c o m e  i n c r e a s i n g l y  m o r e  n e g a t i v e ,  
t h i s  p a t t e r n  b e i n g  o b s e r v e d  i n  m o s t  o f  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  
c o n s i d e r e d  i n  t h i s  w o r k .  T h e  s a m e  o b s e r v a t i o n  w a s  f o u n d  w i t h  c r y p t a n d  
222.
C a l c u l a t i o n  o f  t h e  e n t r o p y  o f  c r y p t a t e  f o r m a t i o n ,  A s ©  f o r  t h e
c r
p r o c e s s  d e s c r i b e d  b y
M + { g )  + 2 2 b 2 b ( s )  -> [ M + 2 2 b 2 b ]  ( s )  ( 4 . 9 )
i s  d o n e  b y  c o m b i n a t i o n  o f  A s °  ,  a n d  A s °  d a t a .  T h e s e  c a l c u l a t i o n s  s h o w
s o l v  c
t h a t  t h e  A S ° ^  v a l u e s  a r e  c o n s t a n t ,  t h u s  i n d i c a t i n g  t h a t  t h e  t r a n s f e r  o f
t h e  m e t a l  c a t i o n  f r o m  t h e  g a s  p h a s e  i s  i n d e p e n d e n t  o f  t h e  m e t a l  i o n  *
a n d  o f  t h e  s o l v e n t .  T h e s e  v a l u e s  d o  n o t  d i f f e r  g r e a t l y  f r o m  t h o s e  f o r
c r y p t a n d  2 2 2 .  V a l u e s  f o r  t h i s  l i g a n d  a r e  t h o s e  g i v e n  i n  T a b l e  6 0 .  
o
A S ^  v a l u e s  f o r  s o d i u m  a n d  p o t a s s i u m  d i b e n z o  c r y p t a t e s  i n  a c e t o ­
n i t r i l e  s h o w  s o m e  d e v i a t i o n s .  T h e s e  d e v i a t i o n s  c o u l d  b e  a t t r i b u t e d  t o  
a )  t h e  s i n g l e - i o n  f r e e  e n e r g y  d a t a  f o r  t h e s e  t w o  c a t i o n s  i n  t r a n s f e r s
f r o m  w a t e r  t o  a c e t o n i t r i l e  b a s e d  o n  t h e  P h ^ A s P h ^ B  c o n v e n t i o n  n e e d s
4  4
r e v i s i o n  o r  b )  s t a b i l i t y  c o n s t a n t s  o f  t h e s e  t w o  c a t i o n s  a n d  d i b e n z o  
c r y p t a n d  2 2 2  i n  a c e t o n i t r i l e  c o u l d  b e  s l i g h t l y  i n  e r r o r .  T h e r e  a r e  
s o m e  d i f f i c u l t i e s  i n  t h e s e  m e a s u r e m e n t s  w h e n  t h e  c o m p e t i t i v e  p o t e n t i o -  
m e t r i c  m e t h o d  u s i n g  s i l v e r  e l e c t r o d e s  i s  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  >. 
v a l u e s  i n  t h i s  p a r t i c u l a r  s o l v e n t .
I t  w a s  s t a t e d  i n  t h e  d i s c u s s i o n  a b o v e  t h a t  a s  t h e  s i z e  o f  t h e  c a t i o n  
i n c r e a s e s ,  e n t r o p i e s  o f  c o m p l e x a t i o n  b e c o m e s  p r o g r e s s i v e l y  m o r e  n e g a t i v e
the entropy of solvation (As° ) for these cations in these solventssolv
i n d i c a t e s  t h a t  t h i s  i s  n o t  t h e  c a s e  f o r  t h e s e  t w o  m e t a l  c a t i o n s  a n d
d i b e n z o  c r y p t a n d  2 2 2  i n  a c e t o n i t r i l e .  F o r  t h e  r e a s o n s  s t a t e d  b e f o r e ,
t h e s e  c a n  b e  a t t r i b u t e d  t o  u n c e r t a i n t i e s  i n  t h e  l o g  K  ( h e n c e  A g ° )
s  c
v a l u e s  i n  t h i s  s o l v e n t .  I t  s e e m s  t h a t  l o g  K  v a l u e s  f o r  s o d i u m  a n d
s
p o t a s s i u m  w i t h  d i b e n z o  c r y p t a n d  2 2 2  i n  a c e t o n i t r i l e ,  s h o u l d  b e  h i g h e r
b y  a b o u t  o n e  l o g  u n i t  t h a n  t h e  v a l u e  o b t a i n e d  i n  t h i s  w o r k  ( T a b l e  2 4 )
T h e r e f o r e ,  s u g g e s t e d  v a l u e s  f o r  t h e s e  t w o  c a t i o n s  w i t h  t h i s  l i g a n d  i n
a c e t o n i t r i l e  a r e  i n c l u d e d  i n  T a b l e  5 7 .  S i m i l a r l y ,  i n  n i t r o m e t h a n e ,
A S °  f o r  p o t a s s i u m  a n d  p e r h a p s  f o r  l i t h i u m  c a n  b e  i n  e r r o r .  T h e
p a t t e r n  o f  a n  i n c r e a s i n g l y  n e g a t i v e  A s °  v a l u e s  w i t h  a n  i n c r e a s e  i n  t h e
c a t i o n  s i z e ,  i s  n o t  o b s e r v e d  f o r  p o t a s s i u m  a n d  d i b e n z o  c r y p t a n d  2 2 2
i n  t h i s  s o l v e n t .  A s °  v a l u e s  a r e  c a l c u l a t e d  f r o m  f r e e  e n e r g y  ( l o g  K  )
c  s
a n d  e n t h a l p y  d a t a .  T h e  h i g h e r  a c c u r a c y  o f  t h e  c a l o r i m e t r i c  t e c h n i q u e  
u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  A h °  v a l u e s  w i t h  r e s p e c t  t o  t h e  p o t e n t i o ­
m e t r i c  t e c h n i q u e  u s e d  f o r  t h e  m e a s u r e m e n t s  o f  s t a b i l i t y  c o n s t a n t s  v a l u e s
d o e s  l e a d  t o  t h e  c o n c l u s i o n  t h a t  l o g  K  v a l u e  f o r  p o t a s s i u m  a n d  d i b e n z oi s
c r y p t a n d  2 2 2  i n  n i t r o m e t h a n e  c o u l d  b e  s l i g h t l y  i n  e r r o r .  T h i s  i s  n o t
s u r p r i s i n g ,  s i n c e  l a r g e  K  v a l u e s  a r e  i n v o l v e d  i n  t h e  c o m p l e x a t i o n
s
r e a c t i o n  o f  m e t a l  i o n s  a n d  t h i s  l i g a n d  i n  t h i s  s o l v e n t .  A  A g °  ,  o f
v a l u e
- 1 4 . 3  k c a l . m o l  ^  ( l o g  K g =  1 0 . 4 8 )  i s  g i v e n  a s  s u g g e s t e d  v a l u e  f o r  t h e
f r e e  e n e r g y  o f  c o m p l e x a t i o n  o f  d i b e n z o  c r y p t a n d  2 2 2  a n d  p o t a s s i u m  i n
1 8 3
n i t r o m e t h a n e .  D a n i l  d e  N a m o r  h a s  r e c e n t l y  s h o w n  a  l i n e a r  c o r r e l a ­
t i o n  b e t w e e n  e n t r o p i e s  o f  s o l v a t i o n  o f  c a t i o n s  i n  a  v a r i e t y  o f  s o l v e n t s  
( M e O H ,  D M F ,  D M S O ,  P C ,  A N  a n d  N M )  a n d  t h e  e n t r o p i e s  o f  c o m p l e x a t i o n  o f
t h e s e  c a t i o n s  w i t h  c r y p t a n d  2 2 2  i n  t h e s e  s o l v e n t s .  T h u s ,  a  s t r a i g h t
• -1 -1
l i n e  o f  s l o p e  1  a n d  a n  i n t e r c e p t  o f  - 5 5 . 5  c a l . K  m o l  w a s  r e p o r t e d
b y  t h i s  a u t h o r .  T h e  c o n s t a n t  v a l u e s  o b t a i n e d  f o r  w h e n  c r y p t a n d
for cryptand 222 and dibenzo cryptand 222. Examination of Table 60
Table 55 Free energy, enthalpy and entropy complex formation of
alkali metals and silver cation with dibenzo cryptand
222 in Dimethylformamide at 298.15K.
A S °  c a l . K  ^ m o l  3  
c
- 9 . 1  ( - 4 . 4 )
- 1 5 . 0  ( - 7 . 4 )
- 1 8 . 4  ( - 1 3 . 6 )
- 7 . 9  ( - 6 . 6 )
a
V a l u e s  f o r  c r y p t a n d  2 2 2 ,  R e f .  2 4 7
C o m p l e x  A G ®  k c a l . m o l  1  A H ®  k c a l . m o l  1
N a + 2 2  2 _  - 7 . 1 4  - 9 . 8 5
B  B
K + 2 2 , 2  - 8 . 7 5  - 1 3 . 2 2
B  B
R b + 2 2  2  - 5 . 8 9  - 1 1 . 3 7
B  B
A g + 2 2  2  - 1 2 . 9 8  - 1 5 . 3 3
Table 56 Free energy, enthalpy and entropy complex formation of
alkali metals and silver cation with dibenzo cryptand
222 in Dimethylsulphoxide at 298.15 K.
Complex A g °  k c a l . m o l  1  A H °  k c a l . m o l  1  A S °  c a l - K  ^ m o l  1  
c  c  c
N a + 2 2 2  
B  B
k + 2 2 b 2 b
R b + 2 2 B 2 B
Ag+22 2 
^  B  B
- 5 . 8 9
- 7 . 8 3
- 6 . 3 4
- 9 . 0 6
-11.21
- 1 4 . 3 0
- 1 2 . 8 0
■ 1 1 . 9 7
- 1 7 . 8  ( - 1 1 . 3 )
- 2 1 . 7  ( - 1 7 . 1 )
- 2 1 . 7  ( - 2 1 . 0 )
- 9 . 8  ( - 8 . 2 )
V a l u e s  f o r  c r y p t a n d  2 2 2 .  R e f .  2 4 7
174.
Table 57 Free energy, enthalpy and entropy complex formation of
alkali metals and silver cation with dibenzo cryptand
222 in Acetonitrile at 298.15 K.
C o m p l e x A g °  k c a l . m o l  1  
c
A H °  k c a l . m o l  1  
c
A S °  c a l . K  3 m o l  3 ‘ 
c
L i + 2 2  2  
B B - 8 . 2 7 - 7 . 8 9 1 . 3  ( 8 . 1 )
N a + 2 2  2 _  
B B
K +  2 2  2  B B
R b +  2 2  2  
B B
- 1 1 . 3 8
- 1 2 . 7 4 *  
-11.81 
- 1 3 . 1 7 *
- 1 0 . 5 0
- 1 4 . 5 2
- 1 7 . 0
- 1 4 . 5 6
- 1 0 . 5  ( - 4 . 8 )
-6.0
- 1 7 . 4  ( - 6 . 8 )
-12.8a
- 1 3 . 6  ( - 1 2 . 8 )
C s + 2 2 _ 2 _  B B - 4 . 7 2 - 1 0 . 3 2
- 1 8 . 8  ( - 1 4 . 1 )
Aq+ 22 2^ B B - 1 1 . 2 3 • 1 2 . 6 2 - 4 . 6  ( - 1 . 3 )
a  S u g g e s t e d  v a l u e s b  V a l u e s  i n  b r a c k e t s  a r e  t h o s e  f o r  c r y p t a n d  2 2 2 .  R e f . 2 4 7
175.
T a b l e  5 8  F r e e  e n e r g y ,  e n t h a l p y  a n d  e n t r o p y  c o m p l e x  f o r m a t i o n  o f  
a l k a l i  m e t a l s  a n d  s i l v e r  c a t i o n  w i t h  d i b e n z o  c r y p t a n d  
2 2 2  i n  P r o p y l e n e  C a r b o n a t e  a t  2 9 8 . 1 5  K .
C o m p l e x  A G °  k c a l . m o l  1  A H °  k c a l . m o l  1  A S °  c a l . K  3 m o l  1
c  c  c
L i + 2 2  2  
B  B
- 7 . 6 4 - 8 . 7 6 - 3 . 8 (2.6)
N a + 2 2 2  
B  B
- 1 2 . 9 9 - 1 5 . 7 1 - 9 . 1  ( - 3 . 1 )
K + 2 2  2  
B  B
- 1 2 . 3 0 - 1 7 . 2 6 - 1 6 . 6  ( - 6 . 6 )
R b + 2 2  2  
B  B
- 9 . 0 6 ■ 1 4 . 4 7 - 1 8 . 1  ( - 1 3 . 4 )
C s + 2 2  2  
B  B
- 4 . 0 9 -10.20 - 2 0 . 5  ( - 1 4 . 3 )
A g + 2 2 n 2 n  
^  B  B
- 2 1 . 3 4 - 2 2 . 8 2 - 5 . 0  ( - 3 . 0 )
a  V a l u e s  i n  b r a c k e t s  a r e  t h o s e  f o r  c r y p t a n d  2 2 2 . R e f .  2 4 7 .
Table 59 Free energy, enthalpy and entropy complex formation of
alkali metals and silver cation with dibenzo cryptand
222 in Nitromethane at 298.15 K.
C o m p l e x A G °  k c a l . m o l  *  
c
A H °  k c a l . m o l  b  
c
A S °  c a l .  
c
K  ^ o l  1 .
L i + 2 2 B 2 B - 1 4 . 3 2 - 1 3 . 4 8 1 . 1 ( 5 . 2 )
N a + 2 2 B 2 B
- 1 7 . 1 6 - 2 0 . 6 2 - 1 1 . 6 ( - 6 . 7 )
K +  2 2 b 2 b
- 1 5 . 3 1 ,  1 4 . 3 a - 1 8 . 5 6 - 1 0 . 9 ,  - 1 4 . 3 a ( - 6 . 8 )
R b * 2  2  2  
B  B
- 1 1 . 4 6 - 1 7 . 2 5 - 1 9 . 4 ( - 1 3 . 1 )
C s + 2 2  2  
B  B
- 5 . 5 1 - 1 1 . 9 0 - 2 1 . 4 ( - 1 7 . 9 )
A g * 2 2  2 _  
^  B  B
2 2 . 6 9 - 2 2 . 1 6 1 . 8 0
a  S u g g e s t e d  V a l u e s
177.
T a b l e  6 0  E n t r o p i e s  o f  c r y p t a t e  f o r m a t i o n ,  A s °  ( p r o c e s s  4 . 9 )  i n
c f
t h e  d i p o l a r  a p r o t i c  s o l v e n t s  a t  2 9 8 . 1 5  I C .
N - N  d i m e t h y l f o r m a m i d e
A S ° / c a l  K  ^ " m o l  3  A S °  / c a l  K  ^ m o l  ^  A S °  _ / c a l  K  ^ m o l  3
c  s o l v . '  c f '
Li'
N a  - 9 . 1  - 4 7 . 6  - 5 6 . 7
IC - 1 5 . 0  - 4 4 . 2  - 5 9 . 2
R b +  - 1 8 . 4  - 4 0 . 4  - 5 8 . 8
C s +  -  - 3 7 . 1
A g  - 7 . 9  - 4 7 . 7  - 5 5 . 6
D i m e t h y l s u l p h o x i d e
T • +L i +  -  -
N a  - 1 7 . 8  - 4 0 . 3  - 5 8 . 1
K  - 2 1 . 7  - 3 8 . 2  - 5 9 . 9
R b +  - 2 1 . 7  - 3 6 . 4  - 5 8 . 1
C s +  -  - 3 2 . 8
A g  - 9 . 8  - 4 7 . 4  - 5 7 . 2
P r o p y l e n e  c a r b o n a t e
L i *  - 3 . 8  - 5 2 . 7  - 5 6 . 5
N a  - 9 . 1  - 4 7 . 8  - 5 6 . 9
K  - 1 6 . 6  - 4 2 . 7  - 5 9 . 3
R b +  - 1 8 . 1  - 3 9 . 0  - 5 7 . 1
C s +  - 2 0 . 5  - 3 7 . 4  - 5 7 . 9
A g  - 5 . 0  - 5 2 . 8  - 5 7 . 8
A c e t o n i t r i l e
L i *  1 . 3  - 6 0 . 3  - 5 9 . 0
N a  - 1 0 . 5  - 5 1 . 2  - 6 1 . 7
- 6 . 0 a  - 5 1 . 2  - 5 7 . 2
K  - 1 7 . 4  - 4 4 . 7  - 6 2 . 1
- 1 2 . 8 a  - 4 4 . 7  - 5 7 . 5
R b +  - 1 3 . 6  - 4 1 . 6  - 5 5 . 2
C s +  - 1 8 . 8  - 4 0 . 6  - 5 9 . 4
A g  - 4 . 6  - 5 4 . 4  - 5 9 . 0
N  i t r o m e t h a n e
L i *  1 . 1  - 5 5 . 3  - 5 6 . 4
N a  - 1 1 . 6  - 4 5 . 1  - 5 6 . 7
K  - 1 0 . 9  - 4 2 . 1  - 5 3 . 0
- 1 4 . 3 a  - 4 2 . 1  - 5 6 . 4
R b  - 1 9 . 4  - 4 1 . 2  - 6 0 . 6
C s +  - 2 1 . 4  - 3 5 . 0  - 5 6 . 4
A g  1 . 8
a  S u g g e s t e d  v a l u e s ,  s e e  T a b l e s  5 7  a n d  5 9 .
b From Ref. 247.
222 was the ligand led to the suggestion of the following expression
A s °  =  c o n s t  -  A S °  ,  ( 4 . 1 0 )
c  s o l v
T h i s  c o r r e l a t i o n  i s  n o w  t e s t e d  f o r  d i b e n z o  c r y p t a n d  2 2 2  u s i n g  A s °  ,
s o l v
a n d  A s ®  v a l u e s  g i v e n  i n  T a b l e  6 0 .  A  s t r a i g h t  l i n e  i s  o b t a i n e d  a s
-1 -1
s h o w n  i n  F i g .  1 8 .  T h e  i n t e r c e p t  v a l u e  c o r r e s p o n d s  t o  5 6 . 9 3  c a l  K  m o l  
a n d  t h e  s l o p e  i s  a b o u t  - 0 . 9 2 7 .  A  c o r r e l a t i o n  c o e f f i c i e n t  o f  - 0 . 9 5 8  
i s  c a l c u l a t e d .
4 . 5  T r a n s f e r  F r e e  E n e r g y  o f  D i b e n z o  C r y p t a n d  2 2 2  i n  t h e  W a t e r - N i t r o m e t h a n e  
( I f r Q - N M )  S y s t e m  a t  2 9 8 . 1 5  K .
T h e  t r a n s f e r  f r e e  e n e r g y  o f  d i b e n z o  c r y p t a n d  2 2 2 ,  A G ® [ 2 2  2  ]  f r o m
t  B B
a  r e f e r e n c e  s o l v e n t  ( s ^ )  t o  o t h e r  s o l v e n t  ( s 2 ) ,  i s  r e f e r r e d  t o  t h e  
p r o c e s s  d e s c r i b e d  b y
2V b (S1) + 22b V S2> <4-10)
I n  e q u a t i o n  ( 4 . 1 0 )  s ^  a n d  s 2  a r e  t h e  s o l v e n t s  i n  t h e i r  p u r e  s t a t e .  T h e
e q u i l i b r i u m  c o n s t a n t  f o r  t h i s  p r o c e s s ,  K ^ ,  i s  c a l l e d  t h e  t r a n s f e r  c o n s t a n t .
T h e  p a r t i t i o n  f r e e  e n e r g y  f o r  t h e  s a m e  l i g a n d ,  A G ® ,  i n  t h e  t w o
P
m u t u a l l y  s a t u r a t e d  s o l v e n t s  i s  r e f e r r e d  t o  t h e  p r o c e s s
22 2 ( s  s a t .  w i t h  s  )  *  22^2 ( s  s a t .  w i t h  s  )  ( 4 . 1 1 )
B  B  X  2 B B 2 X
T h e  e q u i l i b r i u m  c o n s t a n t  f o r  t h i s  p r o c e s s ,  K  i s  c a l l e d  t h e  p a r t i t i o n  
c o n s t a n t .
A m o n g  t h e  s o l v e n t  s y s t e m s  c o n s i d e r e d  i n  t h i s  t h e s i s ,  t h e  w a t e r -  
n i t r o m e t h a n e  s o l v e n t . s y s t e m  i s  o f  p a r t i c u l a r  i n t e r e s t ,  g i v e n  t h a t  a
Table 61 Transfer constant of dibenzo cryptand 222 in nitromethane-
hexadecane solvent system at 298.15 K.
[ 2 2  2 1 i ( N M )  [ 2 2 2  ] e q . ( N M )  [ 2 2  2  J e q . ( H e x . )  \  K
B  B B  B
m o l  d m
- 3
m o l  d m
- 3
B  B
m o l  d m
c  d
C
3 .0 5  x  10 2 2 . 5 0  x  10 2 5 . 5 0  x  10 - 3 0 . 2 2 0  0 . 0 3 4
3 .6 5  x  10 2 3 . 0 0  x  1 0 " 2 6 . 5 0  x  i o " 3 0 . 2 1 6 0 . 0 3 7
7 . 9 0  x  10 2 7 . 0 0  x  10 2 9 . 0 0  x  10 - 3 0 . 1 2 8 0 . 0 3 4
a  I n i t i a l  c o n c e n t r a t i o n  o f  2 2 ^ 2 ^  i n  ( N M )
C o n c e n t r a t i o n  o f  2 2  2  i n  ( N M )  a n d  h e x a d e c a n e  i n  e q u i l i b r i u m  s y s t e mB B
Q
R a t i o  b e t w e e n  2 2  2  i n  h e x a d e c a n e  a n d  ( N M )
B B
C o r r e c t i o n  f o r  t h e  d i m e r i c  f o r m  o f  2 2  2  i n  o r g a n i c  p h a s eB B
- 3
i n  m o l  d m  o f  s a t u r a t e d  s o l u t i o n
Table 62a Solubility of dibenzo cryptand 222 in water at 298.15 K
G r a v i m e t r i c  M e t h o d  u . V .  S p e c t r o s c o p y
6 . 0 9 X H
1
O
1
4 . 9 Q X i o - 4
5 . 8 8 X i o ” 4 4 . 6 2 X i o “ 4
5 . 2 9 X i o " 4 4 . 9 4 X i o " 4
5 . 0 7 X i o " 4
5 . 2 0 X i o - 4 A v e r a g e  V a l u e  ( 4 . 8 2  ±  0 . 2 ) x  1 0
- 4  _ 3
A v e r a g e  v a l u e  ( 5 . 5 1  ±  0 . 4 5 )  x  1 0  m o l  d m
s e p a r a t i o n  b e t w e e n  t h e s e  t w o  s o l v e n t s  c o u l d  b e  o b t a i n e d .  A l t h o u g h  o n e
i s  a w a r e  o f  t h e  s o l u b i l i t y  o f  n i t r o m e t h a n e  i n  w a t e r  ( 1 0 % )  a n d  t h a t  o f
2 5 5  o  o
t h e  w a t e r  i n  n i t r o m e t h a n e  ( 2 % ) ,  v a l u e s  o f  A g ,  a n d  A G  o f  1 . 6 9  a n d
t  p
-1
2 . 2 0  k c a l . m o l  r e s p e c t i v e l y  h a v e  b e e n  r e p o r t e d  f o r  c r y p t a n d  2 2 2  i n  t h e
2 4 7
w a t e r - n i t r o m e t h a n e  s o l v e n t  s y s t e m  a t  2 9 8 . 1 5 .
I n  o r d e r  t o  o b t a i n  t h e  t r a n s f e r  c o n s t a n t  f o r  p r o c e s s  ( 1 )  a n  i n d i r e c t
9 3
m e t h o d  p r e v i o u s l y  r e p o r t e d  i n  t h e  l i t e r a t u r e  w a s  u s e d .  T h e  r e s u l t s
o b t a i n e d  i n  t h e  n i t r o m e t h a n e - h e x a d e c a n e  s o l v e n t  s y s t e m  a t  2 9 8 . 1 5  K  a r e
g i v e n  i n  T a b l e  6 1 .
I t  c a n  b e  s e e n  f r o m  t h i s  t a b l e  t h a t  t h e  t r a n s f e r  c o n s t a n t ,  K  ,  i n
t
t h e  n i t r o m e t h a n e - h e x a d e c a n e  s o l v e n t  s y s t e m  w a s  c o n c e n t r a t i o n  d e p e n d e n t .
C o n s t a n t  K .  v a l u e s  a r e  o b t a i n e d  w h e n  t h e  d i m e r i z a t i o n  o f  d i b e n z o  
t
c r y p t a n d  2 2 2  i n  t h e  h e x a d e c a n e  p h a s e  a s  s u g g e s t e d  b y  K h o l t h o f f  a n d  
1 3 2
C h a n t o o n i  w a s  c o n s i d e r e d .
1 3 2
U s i n g  t h e  l i t e r a t u r e  v a l u e  o f  5 . 4  f o r  t h e  t r a n s f e r  o f  t h e  l i g a n d  
i n  t h e  w a t e r - h e x a d e c a n e  s o l v e n t  s y s t e m  a t  2 9 8 . 1 5  I <  a n d  t h e  v a l u e  
r e p o r t e d  i n  T a b l e  6 1  f o r  t h e  t r a n s f e r  o f  t h e  s a m e  l i g a n d  i n  t h e  n i t r o ­
m e t h a n e - h e x a d e c a n e  s o l v e n t  s y s t e m  a  v a l u e  o f  1 5 2 . 2 4  f o r  t h e  t r a n s f e r
c o n s t a n t ,  K  ,  o f  d i b e n z o  c r y p t a n d  2 2 2  f r o m  w a t e r  t o  n i t r o m e t h a n e  i s  
t
c a l c u l a t e d .  T h e n ,  a  A G ° [ 2 2  2  ] ( H  O + N M )  =  - 2 . 9 8  k c a l . m o l  ^  w a s  o b t a i n e d .
t  B  B  2
-1
T h i s  v a l u e  i s  v e r y  c l o s e  t o  t h e  v a l u e  o f  - 2 . 9 1  k c a l . m o l  d e r i v e d  f r o m
1 3 2
t h e  K ,  v a l u e  f o r  t h e  s a m e  l i g a n d  f r o m  w a t e r  t o  m e t h a n o l .  I n
t
a d d i t i o n  t o  i t ,  n e i t h e r  s e t  o f  d a t a  d i f f e r s  g r e a t l y  f r o m  t h e  A g ° [ D B 1 8 C 6 J
- 1  1 3 2
( H ^ O + M e O H )  =  - 2 . 5 6  k c a l . m o l  ( f r o m  l o g  K ^ _  =  1 . 8 6 ) .  I t  s e e m s  t h a t
l i t t l e  v a r i a t i o n  i s  o b s e r v e d  f o r  t h e  t r a n s f e r  o f  d i b e n z o  c r y p t a n d  2 2 2
f r o m  w a t e r  t o  n o n - a q u e o u s  m e d i a .  T h i s  b e h a v i o u r  i s  s i m i l a r  t o  t h a t
o b s e r v e d  f o r  t h e  A g ° [ 2 2 2 ]  f r o m  w a t e r  t o  t h e  v a r i o u s  s o l v e n t s .  T h u s  A G °
t  t
-1
v a l u e s  o f  1 . 5 6 ,  1 . 5 4 ,  1 . 9 0 ,  1 . 1 0 ,  1 . 6 9  a n d  1 . 7 3  k c a l . m o l  h a v e  b e e n
r e p o r t e d  f o r  t r a n s f e r s  o f  c r y p t a n d  2 2 2  f r o m  w a t e r  t o  D M F ,  D M S O ,  P C ,
9 7 9 8  2 0 5
A N ,  N M  a n d  t o  C g H ^ C N ,  r e s p e c t i v e l y .  U n l i k e  c r y p t a n d  2 2 2
( p o s i t i v e  A g ®  v a l u e s  f r o m  w a t e r  t o  m o s t  s o l v e n t s ) ,  t h e  t r a n s f e r  o f
d i b e n z o  c r y p t a n d  2 2 2  f r o m  w a t e r  i s  f a v o u r e d  ( n e g a t i v e  A G ®  v a l u e s ) .
I t  s e e m s  q u i t e  c l e a r  t h a t  a n  i n c r e a s e  i n  t h e  h y d r o p h o b i c  c h a r a c t e r  o f
t h e  l i g a n d ,  b y  a d d i t i o n  o f  t w o  b e n z e n e  r i n g s  t o  t h e  s t r u c t u r e  o f  2 2 2 ,
r e s u l t s  i n  a  f a v o u r a b l e  t r a n s f e r  t o  n o n - a q u e o u s  m e d i a .  T h e
s o l u b i l i t y  o f  d i b e n z o  c r y p t a n d  2 2 2  i s  r e l a t i v e l y  l o w .  T h e  v a l u e  o f
- 4  - 3  1 3 2
6 . 2  x  1 0  m o l . d m  r e p o r t e d  b y  C h a n t o o n i  a n d  K o l t h o f f  h a s  b e e n
c h e c k e d .  I n  d o i n g  s o ,  t w o  d i f f e r e n t  m e t h o d s  o f  a n a l y s i s  w e r e  u s e d ,
n a m e l y  t h e  s p e c t r o p h o t o m e t r i c  a n d  g r a v i m e t r i c  t e c h n i q u e s .  T h e
1 3 2
f o r m e r  m e t h o d  i s  t h e  o n e  u s e d  b y  C h a n t o o n i  a n d  K o l t h o f f .  T h e
r e s u l t s  o b t a i n e d  b y  e a c h  m e t h o d  a r e  g i v e n  i n  T a b l e  6 2 3 .
T h e  a v e r a g e  v a l u e  o f  t h e  t h r e e  s e t s  o f  d a t a  ( t h i s  w o r k  a n d
- 4  3
l i t e r a t u r e  v a l u e )  w h i c h  i s  ( 5 . 5 1  ±  0 . 6 9 )  x  1 0  m o l / d m  o f  s a t u r a t e d
s o l u t i o n ,  i s  g i v e n  f o r  t h e  s o l u b i l i t y  o f  d i b e n z o  c r y p t a n d  2 2 2  i n  w a t e r
a t  2 9 8 . 1 5  K .  T h e  s o l u t i o n  f r e e  e n e r g y ,  A G ®  f o r  t h i s  l i g a n d  i n  w a t e r
a t  2 9 8 . 1 5  K  i s  4 . 4 5  k c a l . m o l  3‘ .  T a k i n g  i n t o  a c c o u n t  t h e  A g ®  v a l u e
f o r  t h e  t r a n s f e r  o f  d i b e n z o  c r y p t a n d  2 2 2  f r o m  w a t e r  t o  n i t r o m e t h a n e
a n d  t h e  A g ®  v a l u e  f o r  t h i s  l i g a n d  i n  w a t e r  a  v a l u e  o f  - 2 . 9 8  k c a l . m o l  1
i s  c a l c u l a t e d  f o r  t h e  A g ® [ 2 2  2  1 i n  n i t r o m e t h a n e .  A n  a p p r o x i m a t e
s  B  B
- 2  - 3
v a l u e  o f  8 . 0  x  1 0  m o l  d m  o f  s a t u r a t e d  s o l u t i o n  i s  c a l c u l a t e d  f o r  
t h e  s o l u b i l i t y  o f  d i b e n z o  c r y p t a n d  2 2 2  i n  n i t r o m e t h a n e  a t  2 9 8 . 1 5  K .
96
4.6 Thermodynamic Parameters of Solution and of Transfer of Dibenzo
C r y p t a n d  2 2 2  a t  2 9 8 . 1 5  K .
4 . 6 . 1  E n t h a l p i e s  o f  S o l u t i o n  o f  D i b e n z o  C r y p t a n d  2 2 2  a t  2 9 8 . 1 5  K  i n  
t h e  D i p o l a r  A p r o t i c  S o l v e n t s
H e a t s  o f  s o l u t i o n  o f  d i b e n z o  c r y p t a n d  2 2 2  i n  N , N  d i m e t h y l f o r m a m i d e  
d i m e t h y l s u l p h o x i d e ,  a c e t o n i t r i l e ,  p r o p y l e n e  c a r b o n a t e  a n d  n i t r o m e t h a n e  
u s i n g  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  l i g a n d  a t  2 9 8 . 1 5  K  a r e  r e p o r t e d  
i n  T a b l e s  6 2 - 6 6 .
N o  v a r i a t i o n  i n  t h e  A H ^  v a l u e s  a r e  f o u n d  b y  a l t e r i n g  t h e  c o n c e n ­
t r a t i o n  o f  t h e  l i g a n d .  T h e r e f o r e ,  t h e  s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  
oAh , for the dibenzo cryptand 222 in each of the solvents considered in 
s
t h i s  w o r k ,  a r e  g i v e n  a s  t h e  a v e r a g e  o f  t h e  m e a s u r e m e n t s  i n d i c a t e d  i n
e a c h  t a b l e .  A m o n g  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  n o t  m u c h  v a r i a t i o n  i n
t h e  A H S  v a l u e s  a r e  f o u n d .  T h e  p r e s e n c e  o f  t w o  b e n z e n e  r i n g s  i n  t h e
s t r u c t u r e  o f  t h e  d i b e n z o  c r y p t a n d  2 2 2  r e s u l t s  i n  a  d e c r e a s e  i n  t h e
e n d o t h e r m i c  c h a r a c t e r  o f  t h e  r e a c t i o n  w i t h  r e s p e c t  t o  c o r r e s p o n d i n g
v a l u e s  f o r  c r y p t a n d  2 2 2  a s  s h o w n  i n  T a b l e  6 7  •  T h e  d e c r e a s e  i n  A H °
v a l u e s  f o r  2 2 _ 2  r e l a t i v e  t o  2 2 2  s e e m s  t o  b e  m o r e  p r o n o u n c e d  w h e n  t h e  B B
r e a c t i o n  m e d i a  i s  D M F  o r  D M S O  ( s o l v e n t s  c o n t a i n i n g  b a s i c  o x y g e n  a t o m s )
t h a n  f o r  a c e t o n i t r i l e ,  p r o p y l e n e  c a r b o n a t e  a n d  n i t r o m e t h a n e .  I n  t h e
-1
l a t t e r  s o l v e n t s ,  a  d e c r e a s e  o f  a b o u t  2  k c a l . m o l  i s  f o u n d  f o r  d i b e n z o
c r y p t a n d  2 2 2  r e l a t i v e  t o  c r y p t a n d  2 2 2 ,  w h i l e  a  d e c r e a s e  o f  a b o u t  3 . 0  
-1
k c a l . m o l  i s  o b s e r v e d  f o r  D M F  a n d  D M S O .
T h e  e n t h a l p y  o f  s o l u t i o n  i n v o l v e s  t h e  c o n t r i b u t i o n  o f  t h e  e n t h a l p y  
o f  s o l v a t i o n  a n d  t h a t  f o r  t h e  c r y s t a l  l a t t i c e .  T h e  r e m o v a l  o f  t h e  
l a t t e r  c o n t r i b u t i o n  c a n  b e  d o n e  b y  t h e  c a l c u l a t i o n  o f  t h e  e n t h a l p i e s  
o f  t r a n s f e r  f o r  t h e s e  t w o  l i g a n d s  a m o n g  d i p o l a r  a p r o t i c  s o l v e n t s .
184.
N , N  D i m e t h y l f o r m a m i d e
Table 62 Enthalpy of solution of dibenzo cryptand 22. 2 inB B
(2 2  2  )  Q / c a l  A H  / c a l . m o l  1B B S
m o l  d m  3
3 . 2 7  x  1 0  5  0 . 1 7 7  5 4 2 3
3 . 3 6  x  1 0  5  0 . 1 8 4  5 4 7 6
3 . 1 9  x  1 0 " 5  0 . 1 7 5  5 4 9 1
3 . 2 1  x  1 0 ~ 5  0 . 1 7 5  5 4 5 2
,  o -1
A v e r a g e  v a l u e  A h ^  =  5 4 6 0  ±  3 0  c a l . m o l
185.
D i m e t h y l s u l p h o x i d e  a t  2 9 8 . 1 5  K .
Table 63 Enthalpy of solution of dibenzo cryptand 22 2 inB B
( 2 2  2  )  Q / c a l .  A H  / c a l . m o lB B s
m o l  d m  3
- 4
1 . 6 2  x  1 0  0 . 8 9  5 5 0 9
2 . 0 3  x  1 0 ~ 5  0 . 1 1 2  5 5 2 0
2 . 1 0  x  1 0 - 5  0 . 1 1 6  5 5 2 6
2 . 7 3  x  1 0  5  0 . 1 5 1  5 5 2 0
A v e r a g e  V a l u e  A H °  =  5 5 1 9  ±  7  c a l . m o l  4
186.
P r o p y l e n e  C a r b o n a t e  a t  2 9 8 . 1 5  K .
Table 64 Enthalpy of solution of dibenzo cryptand 22 2 inB B
-1
( 2 B 2 f i 2 )  Q / c a l .  A H ^ / c a l . m o l
m o l  d m  3
6 . 1 0  x  1 0 ~ 5  0 . 3 5 6  5 8 3 2
- 4
1 . 1 7  x  1 0  0 . 6 8 8  5 8 8 7
1 . 0 4  x  1 0  4  0 . 6 0  5 7 7 9
1 . 8 5  x  1 0  5  0 . 1 0 7  5 7 8 4
. o -1
A v e r a g e  v a l u e  A H ^  =  5 8 2 0  ±  5 0  c a l . m o l
187.
A c e t o n i t r i l e  a t  2 9 8 . 1 5  K .
Table 65 Enthalpy of solution of dibenzo cryptand 22 2 inB B
( 2 2  2  )  Q / c a l  A H  / c a l . m o l  ^
t s  t s  s
m o l  d m  3
4 . 2 0 X i o - 5 0 . 2 4 8 5 9 0 4
1 . 3 6 X i o - 4 0 . 7 9 8 5 8 6 8
1 . 4 2 X i o - 4 0 . 8 5 0 5 9 8 6
1 . 6 8 X i o “ 4 0 . 9 8 0 5 8 3 3
1 . 6 6 X i o - 4 0 . 9 8 0 5 9 0 4
1 . 7 2 X i o - 4 0 . 1 1 0 5 8 1 4
A v e r a g e  V a l u e  A H °  =  5 8 8 5  ±  6 2  c a l . m o l  1 .  
s
N i t r o m e t h a n e  a t  2 9 8 . 1 5  K .
Enthalpy of solution of dibenzo cryptand 22 2 inB B
Q / c a l .
0 . 4 9
0 . 5 0 2
0 . 1 8 4
0 . 1 9 8
A H  / c a l . m o l  s
5 8 8 3
5 9 0 0
5 9 3 5
5 8 2 3
, o -1
A v e r a g e  V a l u e  A H  =  5 8 8 5  ±  4 7  c a l . m o l
s
4 . 6 . 2 .  E n t h a l p i e s  o f  T r a n s f e r  o f  C r y p t a n d s  f r o m  P r o p y l e n e  C a r b o n a t e
a t  2 9 8 . 1 5  K
U s i n g  p r o p y l e n e  c a r b o n a t e  a s  t h e  r e f e r e n c e  s o l v e n t ,  A h ®  v a l u e s  a r e
c a l c u l a t e d  ( s e e  T a b l e  6 8 )  .  A H ®  v a l u e s  f o r  c r y p t a n d  2 2 2  a r e  t h o s e
...........................................  9 6 - 9 8
r e p o r t e d  m  t h e  l i t e r a t u r e .  E x a m i n a t i o n  o f  t h e s e  r e s u l t s  s e e m s
t o  i n d i c a t e  t h a t  t h e  s t a b i l i t y  o f  2 2  2  ( i n  e n t h a l p i c  t e r m s )  i s  h i g h e r
B  B
i n  D M F  a n d  D M S O  t h a n  i n  A N  o r  N M .
T h e  r e v e r s e  i s  t r u e  f o r  c r y p t a n d  2 2 2 .  H o w e v e r ,  t h e  r e l a t i v e l y
s m a l l  d i f f e r e n c e s  f o u n d  i n  t h e  A h ®  v a l u e s  f o r  t h e s e  t w o  l i g a n d s  a m o n g
t h e  d i p o l a r  a p r o t i c  s o l v e n t s  m a k e s  i t  d i f f i c u l t  t o  d r a w  a n y  d e f i n i t i v e
c o n c l u s i o n .  I f  a n  a v e r a g e  A H ®  v a l u e  f o r  t h e  t r a n s f e r  o f  e a c h  l i g a n d
f r o m  p r o p y l e n e  c a r b o n a t e  t o  t h e  o t h e r  s o l v e n t s  i s  t a k e n  i t  i s  f o u n d  t h a t
-1
t h e  r e s u l t s  o b t a i n e d  f o r  2 2  2  ( - 0 . 1 8  k c a l  m o l  )  a n d  2 2 2  ( - 0 . 2 0  k c a l
. B  B
-i
m o l  )  a r e  i n d e e d  v e r y  c l o s e .  T h e r e f o r e ,  i t  c a n  b e  c o n c l u d e d  t h a t
A H ® [ 2 2 B 2 B ] P C  +  s 2  s  0  ( 4 . 1 2 )
„  2 4 7
T h e  s a m e  c o n c l u s i o n  w a s  o b t a i n e d  b y  G h o u s s e i n i  f o r  c r y p t a n d  2 2 2 .
4 . 7  T h e r m o d y n a m i c  P a r a m e t e r s  f o r  t h e  T r a n s f e r  o f  M e t a l - i o n  D i b e n z o  
C r y p t a t e s  a t  2 9 8 . 1 5  K  T r a n s f e r  F r e e  E n e r g y  o f  M e t a l - i o n  D i b e n z o  
C r y p t a t e s  f r o m  W a t e r  t o  N i t r o m e t h a n e  a t  2 9 8 . 1 5  K
S t a b i l i t y  c o n s t a n t s  o f  s o d i u m ,  p o t a s s i u m  a n d  s i l v e r  i o n s  w i t h  d i b e n z o
c r y p t a n d  2 2 2  i n  w a t e r  a t  2 9 8 . 1 5  K  h a v e  b e e n  r e p o r t e d  b y  C h a n t o o n i  a n d  
1 3 2
K o l t h o f f .  T h e s e  d a t a  a r e  c o m b i n e d  w i t h  c o r r e s p o n d i n g  v a l u e s  i n
n i t r o m e t h a n e  a n d  w i t h  v a l u e s  f o r  t h e  f r e e  e n e r g i e s  o f  t r a n s f e r  o f  t h e s e
4" 4- 4* 2 5 6
c a t i o n s  ( N a  ,  K  ,  A g  )  f r o m  w a t e r  t o  n i t r o m e t h a n e  a n d  t h a t  f o r
A O
d i b e n z o  c r y p t a n d  2 2 2  ( s e e  T a b l e  6 1  )  t o  o b t a i n  t h e  A G ^  v a l u e s  f o r  t h e
t r a n s f e r  o f  m e t a l  i o n  d i b e n z o  c r y p t a t e s  [ M  2 2 b 2 b 1 .  T h i s  i s  d o n e  v i a  a
9 3 , 9 6 - 9 8  _ . .  _ .
t h e r m o d y n a m i c  c y c l e  a s  d e s c r i b e d  b y
190.
Table 67 Enthalpies of Solution of Dibenzo Cryptand 222 and Cryptand
222 in the Dipolar Aprotic Solvents at 298.15 K
A H ° / k c a l . m o l  ^  s
S o l v e n t  2 d 2 , ,  2 2 2B B
D M F  5 . 4 6  ±  0 . 0 3  8 . 2 6  ±  0 . 0 6 b
D M S O  5 . 5 2  ±  0 . 0 1  8 . 5 1  b
P C  5 . 8 2  ±  0 . 0 5  8 . 2 4  ±  0 . 1 5 °
A N  5 . 8 9  ±  0 . 0 6  7 . 8 7  ±  0 . 0 6 °
J
N M  5 . 8 9  ±  0 . 0 5  7 . 5 1  ±  0 . 1 0
a  T h i s  w o r k  b  R e f .  9 6  C  R e f .  9 7  ^  R e f .  9 8 .
T a b l e  6 8  E n t h a l p i e s  o f  T r a n s f e r  o f  D i b e n z o  C r y p t a n d  2 2 2  a n d  C r y p t a n d  
2 2 2  a n d  C r y p t a n d  2 2 2  f r o m  P r o p y l e n e  C a r b o n a t e  a t  2 9 8 . 1 5  K
L i g a n d  P C - > D M F  P C ^ D M S O  P C + A N  P C - > N M
22 2 - 0 . 3 6  - 0 . 3 0  0 . 0 7  0 . 0 0
B  B
222a 0.02 0.27 -0.37 -0.73
a Ref. 247.
A G ° [ M + 2 2  2  ]  ( H  O + N M )  =  - A G ° ( H  O )  +  A G °  ( N M )  +  
t  B  B  Z  C  2  C
A G ° [ M + ] ( H  O + N M )  +  A G ° [ 2 2 2  ) ( H . O ^ N M )  ( 4 . 1 3 )
"C Z t l  B  B  Z
D e t a i l s  a r e  g i v e n  i n  T a b l e  6 9 .  V a l u e s  f o r  t h e  t r a n s f e r  f r e e  e n e r g i e s  
•f
o f  [ M  2 2 2 ]  f r o m  w a t e r  t o  n i t r o m e t h a n e  a r e  i n c l u d e d  i n  t h i s  T a b l e .  T h e  
o
A G ^ _  v a l u e s  o f  m e t a l - i o n  d i b e n z o  c r y p t a t e s  a r e  m o r e  n e g a t i v e  t h a n  t h o s e  
f o r  m e t a l - i o n  c r y p t a t e s  f %pis  b e i n g  a t t r i b u t e d  t o  a n  i n c r e a s e  i n  t h e  
h y d r o p h o b i c  c h a r a c t e r  o f  t h e  f o r m e r  w i t h  r e s p e c t  t o  t h e  l a t t e r .  T h i s  
i n d i c a t e s  t h a t  t h e  t r a n s f e r  o f  m e t a l  i o n  d i b e n z o  c r y p t a t e s  i s  m u c h  m o r e  
f a v o u r e d  t h a n  t h e  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  f r o m  w a t e r  t o  t h e  n o n -  
a q u e o u s  m e d i a .
4 . 8  E n t r o p y  o f  S o l u t i o n  o f  D i b e n z o  C r y p t a n d  2 2 2  i n  N i t r o m e t h a n e  a t
2 9 8 . 1 5  K
C o m b i n a t i o n  o f  t h e  s t a n d a r d  f r e e  e n e r g y  a n d  s t a n d a r d  e n t h a l p y  o f  
s o l u t i o n  o f  d i b e n z o  c r y p t a n d  2 2 2  i n  n i t r o m e t h a n e  a t  2 9 8 . 1 5  K  y i e l d s  t h e  
s t a n d a r d  e n t r o p y  o f  s o l u t i o n  o f  t h i s  l i g a n d  i n  t h i s  s o l v e n t  a t  t h i s  
t e m p e r a t u r e .
A l t h o u g h  t h e  s o l u b i l i t y  o f  d i b e n z o  c r y p t a n d  2 2 2  ( h e n c e  A G g )  w a s  n ° t  
m e a s u r e d  d u e  t o  t h e  h i g h  c o s t  o f  t h i s  l i g a n d ,  A G °  [ 2 2 ^ 2 ^ 3  i n  n i t r o ­
m e t h a n e  c a n  b e  c a l c u l a t e d  f r o m  t h e  v a l u e s  f o r  t h e  A g ° [ 2 2  2  ] ( H  O ' N M )t  B B 2
( s e e  T a b l e  6 1  ,  p a g e  )  a n d  t h e  A g ° [ 2 2  2  ]  i n  w a t e r  ( s e e  T a b l e  G 2 a , p a g e  1 8 0 ) .S B B
— 1
A  v a l u e  o f  1 . 4 7  k c a l  m o l  i s  o b t a i n e d  f o r  t h e  s t a n d a r d  f r e e  e n e r g y  o f  s o L u ' f e i o w
d i b e n z o  c r y p t a n d  2 2 2  i n  n i t r o m e t h a n e  a t  2 9 8 . 1 5  K .  C o m b i n a t i o n  o f  t h i s
value with the AH°[22 2 1 in this solvent (Table 66 ) leads to a value S B B
-1 -1
o f  1 4 . 8 2  c a l  K  m o l  f o r  t h e  e n t r o p y  o f  s o l u t i o n  o f  t h i s  l i g a n d  i n  
n i t r o m e t h a n e .  T h e r e f o r e ,  t h e  p r o c e s s  o f  d i s s o l u t i o n  o f  d i b e n z o  c r y p t a n d
192.
T a b l e  6 9  T r a n s f e r  f r e e  e n e r g y  o f  m e t a l - d i b e n z o  c r y p t a t e s  ( P h  A s * / P h  B
4  4
c o n v e n t i o n )  f r o m  w a t e r  t o  n i t r o m e t h a n e  a t  2 9 8 . 1 5  K  i n  k c a l  m o l
M e t a l  N a *  K *  A g *
A G °  - 4 , 6 9 4  - 6 . 1 2 a  - 1 2 . 1 4 a
w
A G °  - 1 7 . 1 6 b  - 1 5 . 3 1 b  - 2 2 . 6 9 b
N M
A G ° [ M * ] ( W + N M )  7 . 5 ^  3 . 6 9 C  5 . 9 0 C
A G © 2 2  2  ] ( W + N M )  - 2 . 9 8 d  - 2 . 9 8 d  - 2 . 9 8 du B B
A G ° [ M * 2 2  2  3 ( W + N M )  - 7 . 9 0  - 8 . 4 8  - 7 . 6 3"C B B
A G ° [ M * 2 2 2 ] ( W + N M )  - 3 . 8 4  - 4 . 3 3  - 3 . 1 2
t
a  R e f .  1 3 2  b  P r o m  T a b l e  2 5  °  R e f .  2 4 7  d  R e f .  6 1
2 2 2  i n  n i t r o m e t h a n e  i s  e n t r o p i c a l l y  f a v o u r a b l e  a n d  e n t h a l p i c a l l y
u n f a v o u r a b l e .  T h e  e n t h a l p y  v a l u e  o v e r c o m e s  t h e  e n t r o p i c  c o n t r i b u t i o n
r e s u l t i n g  i n  a  p o s i t i v e  A G °  v a l u e  f o r  t h i s  l i g a n d  i n  n i t r o m e t h a n e .
s
W h e n  t h e  m o l a r  t r a n s f e r  c o n s t a n t s  o f  t h e  u n c o m p l e x e d 2 6 6  a n d  f o r
t h e  c a t i o n s  c o m p l e x e d  w i t h  c r y p t a n d  2 2 2  a r e  c a l c u l a t e d ,  i t  i s  p o s s i b l e
, 8 4~ 6 4“
t o  e s t i m a t e  a n  i n c r e a s e  o f  f a c t o r s  o f  2 . 2 3  x  1 0  ( N a  ) ,  7 . 5 6  x  1 0  ( K  )
6 4-
a n d  4 . 0 7  x  1 0  ( A g  )  f o r  t h e  m e t a l  i o n s  c o m p l e x e d  w i t h  c r y p t a n d  2 2 2
w i t h  r e s p e c t  t o  t h e  u n c o m p l e x e d  c a t i o n s .  T h e s e  f a c t o r s  a r e  i n c r e a s e d
1 1  4* 8  4* 9 4*
t o  2 . 1 1  x  1 0  ( N a  ) ,  8 . 3 2  x  1 0  ( K  )  a n d  8 . 6 7  x  1 0  ( A g  )  f o r  t h e  m e t a l
i o n s  c o m p l e x e d  w i t h  d i b e n z o  c r y p t a n d  2 2 2 .
4 . 9  E x t r a c t i o n  o f  C a t i o n s  b y  D i b e n z o  C r y p t a n d  2 2 2  i n  W a t e r - N i t r o m e t h a n e  
S o l v e n t  S y s t e m  a t  2 9 8 . 1 5  K .
T h e  c a l c u l a t i o n  o f  t h e  t h e r m o d y n a m i c  p a r a m e t e r s  a s s o c i a t e d  w i t h  t h e  
f o l l o w i n g  e x t r a c t i o n  p r o c e s s
M + ( H  O )  +  2 2 2  ( N M )  *  [ M + 2 2  2  ] ( N M )  ( 4 . 1 4 )
2  B B B B
i s  o f  p a r t i c u l a r  i n t e r e s t  f o r  a  n u m b e r  o f  r e a s o n s ,  a m o n g  w h i c h  a r e  t h e  
r e l a t i v e l y  l o w  s o l u b i l i t y  o f  d i b e n z o  c r y p t a n d  2 2 2  i n  w a t e r  a n d  t h e  
p o s s i b i l i t y  o f  a c h i e v i n g  a  s e p a r a t i o n  b e t w e e n  t h e  t w o  p h a s e s ,  n a m e l y  
n i t r o m e t h a n e  a n d  w a t e r .  P r o c e s s  ( 4 . 1 4 )  c a n  b e  s p l i t  i n t o  t w o  s t e p s .  
T h e s e  a r e ,
M + ( H 2 0 )  ->• M + ( N M )  ( 4 . 1 5 )
a n d
193.
M + ( N M )  +  2 2 2  ( N M )  *  [ M + 2 2  2  ] ( N M )  
B B B B
(4.16)
The a v a i l a b i l i t y  o f  d a t a  f o r  s tep .s  (4 .1 5 )  and (4 .1 6 )  a l l o w s  t h e  c a l c u ­
l a t i o n  o f  t h e  th e rm o d y n am ic  p a r a m e t e r s  f o r  p r o c e s s  ( 4 . 1 4 ) .  T a b le  70 
l i s t s  t h e  e x t r a c t i o n  c o n s t a n t s ,  K and t h e  the rm odynam ic  p a r a m e t e r s
G X
(AG° , Ah°  and  As° ) f o r  t h i s  p r o c e s s ,  ex  ex  ex
F o r  an  e x t r a c t i o n  t o  be  b o t h  e f f i c i e n t  and  s e l e c t i v e ,  i t  i s
i m p o r t a n t  t h a t  K f o r  a p a r t i c u l a r  c a t i o n  i s  b o th  a p p r e c i a b l e  and  a t
G X
t h e  same t im e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  f o r  o t h e r  c a t i o n s  i n  
s o l u t i o n .
A t h o r o u g h  u n d e r s t a n d i n g  o f  t h e  e x t r a c t i o n  p r o c e s s  r e q u i r e s  a n a l y s i s
o f  t h e  c o n s t i t u e n t !  e q u i l i b r i u m  c o n s t a n t s  i n  o r d e r  t o  e v a l u a t e  t h e
c o n t r i b u t i o n  o f  e a c h  i n d i v i d u a l  s t e p  t o  t h e  o v e r a l l  p r o c e s s .  I n  t h e
c a s e  o f  L i  , t h e  h ig h  s t a b i l i t y  c o n s t a n t  f o r  t h i s  c a t i o n  w i t h  d ib e n z o
c r y p ta n d  222 i n  n i t r o m e t h a n e  i s  o p p o se d  by t h e  u n f a v o u r a b l e  t r a n s f e r  o f
t h i s  c a t i o n  t o  t h i s  s o l v e n t ,  t h u s  r e s u l t i n g  i n  a  r e l a t i v e l y  low K
f o r  l i t h i u m  w i t h  r e s p e c t  t o  o t h e r  c a t i o n s .  I t  seems t h a t  i n  t h i s
"f" “I"s o l v e n t  s y s te m  t h i s  l i g a n d  d o es  n o t  d i s t i n g u i s h  b e tw e e n  Na and  K t o
• • » 4*any  s i g n i f i c a n t  e x t e n t .  T h i s  l i g a n d  c a n  s e l e c t i v e l y  e x t r a c t  Na o r
■4* *4*K o r  Rb from  a s o l u t i o n  c o n t a i n i n g  l i t h i u m  and c a e s iu m  i o n s .
The r e s u l t s  a r e  d i s c u s s e d  on t h e  a s s u m p t io n  t h a t  t h e  e x t r a c t i o n
t a k e s  p l a c e  from  p u r e  w a te r  t o  p u r e  n i t r o m e t h a n e .  I n  p r a c t i c e ,  t h i s  i s
257n o t  t h e  s i t u a t i o n .  A r e c e n t  s t u d y  by S p i e g l e r  showed t h a t  t h e
c o n t e n t  o f  w a te r  i n  t h e  s a t u r a t e d  n i t r o m e t h a n e  i s  a s  h i g h  a s  1.87% w/w.
T h is  s t u d y  was c o n c e rn e d  w i t h  t h e  s e l e c t i v e  e x t r a c t i o n  o f  l i t h i u m  by
4“ 4" ,12 crown 4 .  The s t a b i l i t y  c o n s t a n t s  b e tw e e n  L i  and  Na c a t i o n s  and  
12 crow n 4 i n  s a t u r a t e d  n i t r o m e t h a n e  w ere  d e t e r m in e d .  The r e s u l t s  
o b t a i n e d  when com pared  w i t h  l i t e r a t u r e  d a t a  f o r  t h e  p u r e  s o l v e n t  c l e a r l y  
i l l u s t r a t e d  t h d t  t h e  e f f e c t  o f  w a te r  i n  t h e  s o l v e n t  lo w e r s  t h e  s t a b i l i t y  
c o n s t a n t  o f  L i  and  12 crow n 4 by  a  f a c t o r  o f  two lo g  u n i t s  f o r  t h e
s a t u r a t e d  s o l v e n t  w i th  r e s p e c t  t o  t h e  p u r e  s o l v e n t .  T h i s  e f f e c t  was
much l e s s  f o r  Na and  12 crown 4.
E n th a lp y  m easu rem en ts  i n  t h e  same s y s te m s  c o n f i r m e d  t h e s e  f i n d i n g s .  
T h e r e f o r e ,  i t  seems l i k e l y  t h a t  i n  e x t r a c t i o n  e x p e r im e n t s  i n v o l v i n g  t h e  
two s a t u r a t e d  p h a s e s  t h e  d i f f e r e n c e s  among t h e  K v a l u e s  f o r  t h e
© X
d i f f e r e n t  c a t i o n s  w i t h  d ib e n z o  c r y p t a n d  222 a r e  l a r g e r  t h a n  t h e  c o r r e s ­
p o n d in g  v a l u e s  i n  t h e  p u r e  s o l v e n t ,  i n  p a r t i c u l a r  f o r  l i t h i u m .
The therm odynam ic  p a r a m e t e r s  l i s t e d  i n  T a b le  70 show t h a t  t h e  
p r e s e n c e  o f  d ib e n z o  c r y p t a n d  222 l a r g e l y  i n c r e a s e  t h e  e x t r a c t i o n  o f  
t h e s e  c a t i o n s  i n t o  t h e  o r g a n i c  p h a s e .  I n  a l l  c a s e s  Ag° a r e  n e g a t i v e .
© X
The p r o c e s s  i n v o l v i n g  m e ta l  c a t i o n s  an d  d ib e n z o  c r y p ta n d  222 i n  t h e  
w a te r  plus n i t r o m e t h a n e  s o l v e n t  s y s te m  i s  e n t h a l p i c a l l y  c o n t r o l l e d .
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5 . 1  S t a b i l i t y  C o n s t a n t s  o f  d i b e n z o  18 crow n 6 an d  m e t a l  i o n s  i n  t h e  
d i p o l a r  a p r o t i c  s o l v e n t s  a t  2 9 8 .1 5  K
I t  was m e n t io n e d  i n  t h e  I n t r o d u c t i o n  o f  t h i s  t h e s i s  t h a t  i n  some 
c a s e s  l a r g e  d i f f e r e n c e s  a r e  fo u n d  b e tw e e n  t h e  s t a b i l i t y  c o n s t a n t s  
v a l u e s  f o r  m e t a l ( I )  c a t i o n s  and  crow n e t h e r s  i n  t h e  v a r i o u s  s o l v e n t s  
a s  r e p o r t e d  by d i f f e r e n t  w o r k e r s .  T h e r e f o r e ,  i t  i s  n o t  an  e a s y  t a s k  
t o  d e c id e  w h ich  v a l u e ,  i f  a n y ,  s h o u ld  be  u s e d  f o r  t h e  c a l c u l a t i o n  o f  
t h e  f r e e  e n e r g i e s  o f  c o m p le x a t io n  o f  m e t a l ( I )  c a t i o n s  and  d ib e n z o  18 
crown 6 i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s .  R e c e n t ly ,  D a n i l  de  Namor
fo u n d  a  c o r r e l a t i o n  b e tw e e n  t h e  s t a b i l i t y  c o n s t a n t s  o f  a  number o f
Hh 4“ “h "f*c a t i o n s  (L i , Na , K , Rb and  T I ) w i t h  18 crown 6 i n  t h e  v a r i o u s
s o l v e n t s  w i t h  c o r r e s p o n d i n g  d a t a  f o r  t h e  same c a t i o n s  w i th  c r y p t a n d  222
i n  t h e  same s o l v e n t s .  T h i s  c o r r e l a t i o n  h a s  t h e  form  shown i n  t h e
f o l l o w i n g  e q u a t i o n .
lo g  K [M+ 222] = a  + b l o g  K [M*18C6] (5 .1 )s  s
T h is  i s  shown i n  F ig u r e  19 .  The d a t a  u s e d  f o r  t h e s e  c a l c u l a t i o n s
a r e  i n c l u d e d  i n  T a b le s  7 f - 7 %  . A c o r r e l a t i o n  c o e f f i c i e n t  o f
0 .9 7 6 0  a s  i n t e r c e p t  (a) v a l u e  o f  2 .7 6 2  and  a  s l o p e  o f  1 .2 8 7  w ere
c a l c u l a t e d .  T hese  d a t a  w ere  u s e d  t o  e s t i m a t e  lo g  K [M+ 18C6] froms
■fknown v a l u e s  o f  lo g  K [M 222] i n  t h e  a p p r o p r i a t e  s o l v e n t s .  E s t i m a te ds
lo g  Kg v a l u e s  w h ich  h av e  n o t  b e e n  r e p o r t e d  p r e v i o u s l y  a r e  i n c l u d e d  i n  
T a b le  71.
S o l u b i l i t y  c o n s t a n t s  f o r  s i l v e r  w ere  n o t  i n c l u d e d  s i n c e  i t  was 
e x p e c t e d  t h a t  t h e  p r e s e n c e  o f  n i t r o g e n  a tom s i n  t h e  s t r u c t u r e  o f  c r y p t a n d  
222 w i l l  r e s u l t  i n  a g r e a t e r  s t a b i l i t y  f o r  s i l v e r  and  c r y p t a n d  222 t h a n  
f o r  any  o t h e r  o f  t h e  m e t a l  c a t i o n  c r y p t a t e s  c o n s i d e r e d .  T h e re  a r e  n o t
5 .  Therm odynam ic p a ra m e te r s  o f  s o lu t i o n  o f  D ib e n z o  18 Crown 6 i n  W a te r
and  S e v e r a l  S o lv e n ts  a t  2 9 8 .1 5  K .
1 9 8 .
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18 crown 6 i n  t h e  n o n aq u eo u s  s o l v e n t s .  S t a b i l i t y  c o n s t a n t s  f o r  t h i s
m e ta l  c a t i o n  and  t h i s  l i g a n d  h av e  b e e n  r e p o r t e d  i n  w a t e r ,  m e th a n o l  and
p r o p y l e n e  c a r b o n a t e .  T h ese  d a t a  so  f a r  f o l l o w  eqn ( 5 . 1 )  w i t h  an
i n t e r c e p t  v a l u e  o f  7 .7 1  an d  a  s l o p e  o f  ~ 1 .0 7 .  S t a b i l i t y  c o n s t a n t  d a t a
f o r  c a e s iu m  w ere n o t  c o n s i d e r e d  s i n c e  t h i s  c a t i o n  t e n d s  t o  form  2:1
c r o w n - c a t io n  co m p lex es  i n  v a r i o u s  s o l v e n t s  and  t h e r e f o r e ,  t h e s e  c a n n o t
be  c o r r e l a t e d  w i th  t h e  1 : 1  c r y p ta n d  c a t i o n  c o m p lex e s .
C o r r e l a t i o n  5 .1  i s  t e s t e d  f o r  l o g  K v a l u e s  o f  m e t a l ( I )s
c a t i o n s  and d ib e n z o  18 crow n 6 i n  t h e  v a r i o u s  s o l v e n t s  and  c o r r e s p o n d i n g  
d a t a  f o r  t h e  same m e ta l  c a t i o n s  i n  t h e s e  s o l v e n t s  ( s e e  F i g . 20 ) .  The
d a t a  u s e d  f o r  t h e s e  c a l c u l a t i o n s  a r e  t h o s e  i n  T a b le  73 f o r  d ib e n z o  
18 crown 6 and  i n  T a b le  24 f o r  d i b e n z o c r y p t a n d  222 i n  t h e  d i p o l a r  
a p r o t i c  s o l v e n t s .  S t a b i l i t y  c o n s t a n t s  v a l u e s  ( lo g  K ) f o r  22 2 andS B B
t h e s e  c a t i o n s  i n  w a te r  and  i n  m e th a n o l  a r e  t h o s e  from  T a b le  6 ( s e e
I n t r o d u c t i o n ,  C h a p te r  2 ) .  a s t r a i g h t  l i n e  o f  1 .9 5 6  i n t e r c e p t  and
1 .3 7 4  s l o p e  i s  o b t a i n e d .  A c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .9 6 6  i s
c a l c u l a t e d .  T h ese  d a t a  w ere  u s e d  t o  e s t i m a t e  l o g  K v a l u e s  f o r  l i t h i u m ,s
so d iu m , p o t a s s i u m  and  ru b id iu m  d ib e n z o  18 crown 6 co m p lex es  i n  n i t r o ­
m eth an e  a t  298 .1 5  K and  t h e s e  a r e  i n c l u d e d  i n  T a b le  73 . F r e e
e n e r g i e s  o f  co m p lex in g  o f  d ib e n z o  18 crown 6 and  m e t a l ( I )  c a t i o n s  i n  
w a te r  and  i n  t h e  n o n -a q u e o u s  s o l v e n t s  a t  2 9 8 .1 5  K a r e  c a l c u l a t e d  u s i n g  
t h e s e  d a t a .  D e t a i l s  a r e  g i v e n  i n  T a b le  74 .
many d a ta  a v a i la b le  on th e  co m p lex a tio n  o f  th e  s i l v e r  m eta l c a t io n  and
200.
F i g .  20 C o r r e l a t i o n  b e tw e e n  s t a b i l i t y  c o n s t a n t s  ( lo g  K ) o f  m e t a l ( I )
+ ' Sc a t i o n s  w i t h  d i b e n z o c r y p t a n d  222 [M 22 2 ] and  c o r r e s p o n d i n g
B B
d a t a  f o r  t h e  same c a t i o n s  com plexed  w i th  d ib e n z o  18 crown 6 
’f'
[M DB18C6] i n  w a te r  and  i n  n o n -a q u e o u s  s o l v e n t s  a t  198 .1 5  K.
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5 .2  F r e e  E n e r g ie s  o f  T r a n s f e r  o f  m e ta l  io n  d ib e n z o c o r e n a te s  fro m
w a t e r  t o  n o n -a q u e o u s  s o l v e n t s  a t  2 9 8 .1 5  K.
The t r a n s f e r  f r e e  e n e r g i e s  o f  m e ta l  i o n  d i b e n z o c o r o n a t e s  from
w a te r  t o  n o n -a q u e o u s  s o l v e n t s  (MeOH, DMF, Me2SO, AN, PC and  NM) a t
2 9 8 .1 5  K w ere  c a l c u l a t e d  u s i n g  t h e  th e rm o d y n am ic  c y c l e  i n d i c a t e d  by
e q n .  ( 4 . 1 3 ) .  The d a t a  a r e  b a s e d  on t h e  Ph^AsPh^B c o n v e n t i o n .
L a rg e  d i f f e r e n c e s  a r e  o b s e r v e d  i n  t h e  Ag°  v a l u e s  o f  m e t a l - i o n
d i b e n z o c o r o n a t e s  i n  t r a n s f e r s  t o  m e th a n o l  w i t h  r e s p e c t  t o  t h e  v a l u e s
f o r  t h e  t r a n s f e r  o f  t h e  same c a t i o n s  t o  t h e  d i p o l a r  a p r o t i c  s o l v e n t s .
T h i s  b e h a v io u r  i s  q u i t e  d i f f e r e n t  f rom  t h a t  o b s e r v e d  f o r  t h e  m e ta l  io n
c r y p t a t e s  f o r  w hc ih  h a r d l y  any  v a r i a t i o n  i s  o b s e r v e d  i n  t h e  AG° v a l u e s
96 97f o r  t h e  t r a n s f e r  f rom  w a te r  t o  n o n -a q u e o u s  s o l v e n t s .
F o r  t h e  d ib e n z o  18 c o r o n a t e s ,  i t  i s  l i k e l y  t h a t  d i r e c t  i n t e r a c t i o n
b e tw e e n  t h e  c a t i o n  and  t h e  s o l v e n t  t a k e s  p l a c e ,  ev e n  th o u g h  t h e  c a t i o n
i s  com plexed  w i t h  t h e  l i g a n d .  T h i s  i s  d e m o n s t r a t e d  i n  F i g .  21 i n  
O  *4*w hich  AG^ v a l u e s  f o r  t h e  t r a n s f e r  o f  d i b e n z o c o r o n a t e s ,  [M DB18C6] from  
a  r e f e r e n c e  s o l v e n t  (w a te r  o r  p r o p y l e n e  c a r b o n a t e )  t o  t h e  n o n -a q u e o u s  
s o l v e n t s  a r e  p l o t t e d  a g a i n s t  s i n g l e - i o n  Ag°  v a l u e s  (b a se d  on  t h e  
Ph^AsPh^B c o n v e n t io n )  f o r  t h e  un co m p lex ed  c a t i o n s  among t h e s e  s o l v e n t s .  
A lso  i n c l u d e d  i n  t h i s  f i g u r e  a r e  t h e  AG° v a l u e s  f o r  t h e  t r a n s f e r  o f  
[M DB18C6] from  p r o p y l e n e  c a r b o n a t e  t o  w a te r  and  t o  m e th a n o l .
From t h e  r e s u l t s  g iv e n  i n  T a b le  75 and  from  F i g .  2 1 ,  i t  i s  c o n c lu d e d
t h a t
a) The t r a n s f e r  o f  m e ta l  i o n  d i b e n z o c o r o n a t e s  from  w a te r  t o  n o n -  
aq u e o u s  s o l v e n t s  i s  f a v o u r a b l e
b) The AG° v a l u e s  a r e  d e p e n d e n t  on t h e  s o l v e n t  t o  w h ich  t h e  com plexed  
c a t i o n s  a r e  t r a n s f e r r e d .  T h u s ,  m e t a l  i o n  d i b e n z o c o r o n a t e s  a r e  more 
f a v o u r a b l y  t r a n s f e r r e d  t o  s o l v e n t s  w h ich  a r e  known t o  be  good s o l v a t o r s
f o r  c a t i o n s  su c h  a s  N-N d im e th y lfo rm a m id e  and  d i m e t h y l s u l p h o x i d e  t h a n  
t o  s o l v e n t s  t h a t  a r e  p o o r  s o l v a t o r s  f o r  c a t i o n s ,  su c h  a s  a c e t o n i t r i l e ,  
p r o p y l e n e  c a r b o n a t e  and  n i t r o m e t h a n e .
c) The t r a n s f e r  o f  m e t a l  i o n  d i b e n z o c o r o n a t e s  i s  more f a v o u r e d  t o  a  
d i p o l a r  a p r o t i c  medium t h a n  t o  a p r o t i c  medium (w a te r  and  m e t h a n o l ) .
2 0 7 .
F i g .  21 C o r r e l a t i o n  b e tw e e n  AG°[M+ ] v a l u e s  and  Ag°[M+DB18C6]t  t
*L + +o \  +_ + w _i 2 * oc o i- <
<s,x □
T a b le  75 F re e  E n e r g i e s  o f  t r a n s f e r ,  AG^ o f  m e t a l - i o n  d ib e n z o  18 
crown 6 co m p lex es  from  w a te r  t o  a  number o f  s o l v e n t s  a t
2 9 8 .1 5  K i n  k c a l  mol D a ta  b a s e d on t h e  P h AAsPh 4 c o n v e n t i o n .
C a t i o n AG°[M*] a t
(H20*MeOH)
AG°(H20 , AG°[MeOH] c AG°[DB18C6]t
(H20*MeOH]
AG°[M*DB18C6]
(H20+-MeOH]
+Na 2 .0 5 - 1 . 5 4 - 5 . 8 7 - 2 . 7 1 - 4 . 9 9
+K 2 .3 5 - 2 . 2 4 - 6.88 - 2 . 7 1 - 5 . 0 0
Rb* 2 .4 5 - 1 . 4 7 - 5 . 7 7 - 2 . 7 1 - 4 . 5 6
4“c s 2 .3 0 - 1 . 1 3 - 4 . 8 4 - 2 . 7 1 - 4 . 1 2
4-Ag 1 .8 0 - 1 . 9 9 - 5 . 5 1 - 2 . 7 1 - 4 . 4 3
TI* 0 .9 5 - 2 . 0 5 - 5 . 2 7 - 2 . 7 1 - 4 . 9 8
Na
IC
RbH
Cs
AG°[M*] b t
(H^+DMF)
- 2 . 2 9
- 2 . 4 4
- 2 . 3 2
- 2 . 5 8
ag> 2o )
- 1 . 5 4
- 2 . 2 4
- 1 . 4 7
- 1 . 1 3
AG°(DMF) c
- 3 . 8 9
- 4 . 5 3
- 2 . 8 6
- 2 . 0 2
o,AG FDB18C6] AG fM DB18C6]
(h2o-»-dmf)
- 5 . 0 0
- 5 . 0 0
- 5 . 0 0
- 5 . 0 0
(H20*DMF)
- 9 . 6 4
- 9 . 7 3
- 8 . 7 1
- 8 . 4 7
Na
K*
Rb"
Cs"
Ag° [ m*J b
(H2O^DMSO)
- 3 . 2 0
- 3 . 1 3
- 2 . 4 9
- 3 . 0 6
Ag° ( h 2o )
- 1 . 5 4
- 2 . 2 4
- 1 . 4 7
- 1 . 1 3
Ag  (DMSO)c
- 2 . 5 5
- 3 . 4 0
- 2 . 5 9
- 1 . 8 3
AG. [DB18C6] AG. [M DB18C6]
(h2o+dmso)
- 4 . 9 0
- 4 . 9 0
- 4 . 9 0
- 4 . 9 0
(H20->DMSO)
- 9 . 1 1
- 9 . 1 9
- 8 . 5 1
- 8 . 6 6
/ c o n t i n u e d  o v e r
2 0 9 .
(c o n t in u e d )
. + L i
Na
K
Rb
Cs
ag° ( m+ )
(h 2o* a n ) ]
7 .1 9
3 .4 3
1 .7 5
1 .5 7
0 .9 8
AGc (H2° )
0
- 1 . 5 4
- 2 . 2 4
- 1 . 4 7
- 1 . 1 3
AG°(AN) c
- 4 . 0 8
- 6 . 8 3
- 6 . 5 8
- 5 .0 5
- 4 . 9 0
Ag (DB18C6) AG (M DB18C6)
(h2o-+a n )
- 5 . 1 4
- 5 . 1 4
- 5 . 1 4
- 5 . 1 4
- 5 . 1 4
(h2o+an)
- 2 . 0 3
- 7 . 0 0
- 7 . 7 3
- 7 . 1 5
- 7 . 9 3
L i
Na
K
Rb
Cs
Ag
t i h
AG°(M+ ) b t
(H2O^PC)
5 .5 1
3 .2 1
1 .3 1  
0 .4 1
- 0 . 3 9
4 .3 1
2 .3 1
ag° ( h 2o )
0
- 1 . 5 4
- 2 . 2 4
- 1 . 4 7
- 1 . 1 3
- 1 . 9 9
- 2 . 0 5
AG°(PC) c
- 4 . 4 5
- 7 . 0 9
- 6 . 9 6
- 5 . 2 4
- 4 . 6 8
- 7 . 9 4
- 6 . 8 5
oAG.(DB18C6) AG (M DB18C6)
(h2o -^ p c )
- 4 . 2 4
- 4 . 2 4
- 4 . 2 4
- 4 . 2 4
- 4 . 2 4
- 4 . 2 4
- 4 . 2 4
(H2o-*PC)
- 3 . 1 8
- 6 . 5 8
- 7 . 6 5
- 7 . 6 0
- 8 . 1 8
- 5 . 8 8
- 6 . 7 3
L i
HNa 
K+ 
RbH
Ag°[M+ ] c
(H20*NM)
1 2 .0 5
7 .5 5
3 .6 9
2 .6 4
AG°(H O) c z
0
- 1 . 5 4
- 2 . 2 4
- 1 . 4 7
AG° (NM) C
- 8 . 4 9
- 1 0 .5 5
- 9 . 2 0
- 6 . 4 4
AG (DB18C6) t
(H20-»-NM)
- 4 . 7 9
- 4 . 7 9
- 4 . 7 9
- 4 . 7 9
AG°(M+DB18C6)
(h2o+nm)
- 1 . 2 3
- 6 . 2 5
- 8 . 0 6
- 7 . 1 2
a R e f .  93 b R e f .  2 4 7 .
5 . 3  E n t h a l p i e s  o f  s o l u t i o n  o f  d ib e n z o  18 crow n (i a t  2 9 8 .1 5  K and
e n t h a l p i e s  o f  t r a n s f e r  f rom  w a t e r  t o  o t h e r  s o l v e n t s  a t  t h e  same t e m p e r a t u r e
H e a ts  o f  s o l u t i o n  o f  d ib e n z o  18 crown 6 i n  s e v e r a l  s o l v e n t s  (N-N 
d im e th y l fo rm a m id e ,  d i m e t h y l s u l p h o x i d e ,  p r o p y l e n e  c a r b o n a t e  and  a c e t o ­
n i t r i l e )  a t  2 9 8 .1 5  K a r e  r e p o r t e d  i n  T a b le s  76-80  ) .  S in c e  AH v a l u e ss
do n o t  show any v a r i a t i o n  w i t h  l i g a n d  c o n c e n t r a t i o n  i n  any  o f  t h e  s o l v e n t s
c o n s i d e r e d ,  t h e  s t a n d a r d  e n t h a l p y  o f  s o l u t i o n ,  Ah°  i s  o b t a i n e d  from  t h es
a v e r a g e  o f  t h e  AHg v a l u e s  g i v e n  i n  e a c h  t a b l e  f o r  e a c h  s o l v e n t .  The 
s t a n d a r d  d e v i a t i o n  o f  t h e  d a t a  a s  c a l c u l a t e d  from  e q n . 3 . 6 0 a  i s  a l s o  
i n c l u d e d  i n  t h e s e  t a b l e s .
C om parison  b e tw e en  t h e s e  d a t a  an d  t h o s e  f o r  d ib e n z o  c r y p ta n d  222 i n  
t h e  same s o l v e n t s  i n d i c a t e s  t h a t  t h e  e n d o th e r m ic  c h a r a c t e r  o f  t h e  s o l u t i o n  
r e a c t i o n  d e c r e a s e s  by a b o u t  3 k c a l  mol 1 f o r  d ib e n z o  18 crown 6 w i th  
r e s p e c t  t o  d i b e n z o c r y p t a n d  222 . T h i s  i s  n o t  u n e x p e c te d  s i n c e  t h e  h e a t s  
o f  s o l u t i o n  i n v o l v e s  t h e  c o n t r i b u t i o n  o f  t h e  h e a t  o f  s o l v a t i o n  and  t h e  
l a t t i c e  e n e rg y  e n t h a l p y .  The l a t t e r  c o n t r i b u t i o n  i s  n o t  e x p e c t e d  t o  be  
t h e  same f o r  t h e  two l i g a n d s  s i n c e  two d i f f e r e n t  s o l i d  c r y s t a l s  a r e  
i n v o l v e d .  I t  was n o t  p o s s i b l e  t o  m easu re  c a l o r i m e t r i c a l l y  t h e  h e a t s  o f  
s o l u t i o n  o f  d ib e n z o  18 crown 6 i n  w a te r  due  t o  t h e  low s o l u b i l i t y  o f  t h i s  
l i g a n d  i n  t h i s  s o l v e n t .  A v a i l a b i l i t y  o f  s o l u b i l i t y  o f  d ib e n z o  18 crown 6 
a t  d i f f e r e n t  t e m p e r a t u r e s 2^ . l o w s  t h e  c a l c u l a t i o n  f o r  t h e  e n t h a l p y  o f  
s o l u t i o n  o f  d ib e n z o  18 crown 6 by t h e  u s e  o f  t h e  v a n ' t  H o ff  e q u a t i o n  a s  
g i v e n  by e q n .  (2 .9 )  (C h a p te r  2 ) .  The s o l u b i l i t y  d a t a  u s e d  f o r  t h e s e  
c a l c u l a t i o n s  a r e  i n c l u d e d  i n  T a b le  81 . The l a t t i c e  e n e rg y  c o n t r i b u t i o n  
i s  rem oved by  c o n s i d e r i n g  t h e  e n t h a l p y  o f  t r a n s f e r ,  Ah® f o r  d ib e n z o  18 
crown 6 f rom  w a te r  t o  o t h e r  s o l v e n t s  (T a b le  82 ) .  AH® v a l u e s  f o r  t h e
c a r b o n a t e  ( r e f e r e n c e  s o l v e n t )  t o  any o t h e r  s o l v e n t s  a r e  a l s o  i n c l u d e d  i n
t h i s  t a b l e .  I t  i s  c l e a r  from  t h e s e  r e s u l t s  t h a t  t h e  Ah°  o f  b o tht
l i g a n d s  among d i p o l a r  a p r o t i c  s o l v e n t s  i s  a lm o s t  z e r o .  T h e r e f o r e ,  t h e  
s o l v a t i o n  o f  t h e s e  two l i g a n d s  i n  t h e s e  s o l v e n t s  i s  a p p r o x im a te ly  t h e  
same and  t h e  d i f f e r e n c e s  o b s e r v e d  i n  t h e  e n t h a l p i e s  o f  s o l u t i o n  a r e  m e re ly  
a t t r i b u t e d  t o  t h e  d i f f e r e n c e s  i n  t h e  l a t t i c e  e n e rg y  e n t h a l p i e s  b e tw e en  
t h e s e  two l i g a n d s .
t r a n s f e r  o f  d ib en zo  18 crown 6 and fo r  d ib en zo  cryp tan d  222 from p ro p y len e
5 . 4  F r e e  E n e r g i e s  an d  E n t r o p i e s  o f  S o l u t i o n  and  T r a n s f e r  o f  d i b e n z o  18 
crow n a t  2 9 8 .1 5  K
S o l u b i l i t y  d a t a  f o r  d ib e n z o  18 crown 6 i n  w a te r  and  i n  s e v e r a l
16 161s o l v e n t s  a t  2 9 8 .1 5  K h av e  b e e n  r e p o r t e d  by P e d e r s e n ,  S c h o r i  e t  a l  and
by K o l t h o f f  e t  aZ 3' 3 3 ' 3'6 7 . The v a l u e  o f  (1 .2 3  ± 0 .1 4 )  x 10 5 m ol/dm3 o f
s a t u r a t e d  s o l u t i o n  a s  o b t a i n e d  f o r  t h e  s o l u b i l i t y  o f  d ib e n z o  18 crown 6
i n  w a t e r  a t  2 9 8 .1 5  K i s  t h e  v a l u e  t o  be  u s e d  i n  t h i s  t h e s i s .  T h is  v a l u e
i s  i n  r e a s o n a b l e  a g re e m e n t  w i t h  t h e  s o l u b i l i t y  v a l u e s  g i v e n  by S c h o r i  e t
161 —5 — 3
a l  ( 1 .2 8  x 10 mol dm s a t d  s o l n ) , by K o l t h o f f  e t  a l  ( 2 .0  x 10
_ , - 3  . 1 3 3 ,1 6 7  164 -5  -3mol dm s a t d  s o l n )  and  by L in g  (1 .0 6  x 10 mol dm s a t d
s o l n ) .  F r e e  e n e r g i e s  o f  s o l u t i o n  from d ib e n z o  18 crown 6 a t  2 9 8 .1 5  K
i n  w a te r  and  i n  o t h e r  s o l v e n t s  a s  w e l l  a s  f r e e  e n e r g i e s  o f  t r a n s f e r  f rom
a r e f e r e n c e  s o l v e n t  (H2<3 o r  PC) a r e  c a l c u l a t e d .  D e t a i l s  a r e  g i v e n  i n
T a b le  83 . C o r r e s p o n d in g  d a t a  f o r  t h e  e n t r o p i e s  o f  s o l u t i o n  and  t r a n s f e r
a r e  a l s o  i n c l u d e d  i n  t h i s  t a b l e .
S in c e  t h e  p r o c e s s  o f  d i s s o l u t i o n  o f  d ib e n z o  18 crown 6 i n  w a te r  i s
e n t h a l p i c a l l y  f a v o u r a b l e  ( - A h ® ) , t h e  low s o l u b i l i t y  o f  t h i s  l i g a n d  i n
w a te r  (h en ce  +AG°) i s  due t o  t h e  l a r g e  l o s s  o f  e n t r o p y  ( n e g a t i v e  As®)5 5
w hich  o c c u r s  i n  t h e  d i s s o l u t i o n  o f  d ib e n z o  18 crown 6 i n  w a t e r .
As f a r  a s  t h e  th e rm o d y n am ic  p a r a m e t e r s  o f  t r a n s f e r  a r e  c o n c e rn e d ,  
i t  seems t h a t  t h e  f a v o u r a b l e  t r a n s f e r  o f  t h i s  l i g a n d  from  w a te r  t o  t h e  
d i p o l a r  a p r o t i c  s o l v e n t  (_Ag°  v a l u e s )  i s  a g a i n  e n t r o p i c a l l y  c o n t r o l l e d  
(As° v a l u e s  a r e  l a r g e  and  p o s i t i v e )  s i n c e  i n  te rm s  o f  e n t h a l p y  t h i s  
l i g a n d  i s  more s t a b l e  i n  w a te r  t h a n  i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  a s  
r e f l e c t e d  f o r  t h e  p o s i t i v e  Ah°  v a l u e s  f o r  t r a n s f e r s  f rom  w a te r  t o  t h e s e  
s o l v e n t s .
The b e h a v io u r  shown by t h i s  l i g a n d  i n  t r a n s f e r s  f rom  w a te r  t o  o t h e r
s o l v e n t s  ( l a r g e  and  p o s i t i v e  As° v a l u e s  b e i n g  o n ly  p a r t i a l l y  c o m p en sa ted
by AH° v a l u e s )  w h ich  r e s u l t s  i n  a  f a v o u r a b l e  t r a n s f e r  (-AG° v a l u e s )  i s  t  t
t y p i c a l  o f  t h e  b e h a v io u r  shown by h y d ro p h o b ic  s o l u t e s .
As a m a t t e r  o f  i n t e r e s t  and  f o r  c o m p a r i so n  p u r p o s e s ,  t h e  s o l u b i l i t y  
d a t a  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  b en z o  18 crown 6 a r e  u s e d  t o  c a l c u l a t e
t h e  t r a n s f e r  f r e e  e n e r g y ,  AG° f o r  B18C6 from  p r o p y le n e  c a r b o n a t e  t o  MeOH,
DMF, DMSO and  AN. D e t a i l s  g i v e n  i n  T a b le  84 l e a d s  t o  t h e  c o n c l u s i o n  
t h a t  i n  g e n e r a l  t e rm s  t h e  th e rm o d y n am ic  p a r a m e t e r s  f o r  t h e  t r a n s f e r  o f  
18C6, B18C6 and  DB18C6 among d i p o l a r  a p r o t i c  s o l v e n t s  a r e  a p p r o x im a te ly  
e q u a l  t o  z e r o .
T a b le  76 E n th a lp y  o f  s o lu t io n  o f  D ib e n z o  18 Crown 6 (DB18C6) in
N , N D im e th y lfo rm a m id e  a t  2 9 8 .1 5  K .
(DB18C6) Q / c a l .  A H ^ /c a l .m o l
mol dm 3
5 .4 0  x 10“ 5 0 .1 3 3  2463
7 .8 0  x 10 5 0 .1 7 9  2295
8 .5 0  x 10 5 0 .2 0  2353
9 .4 0  x 10 5 0 .2 1 9  2330
A verage  V a lu e  AH° = 2360 ± 72 c a l . m o l  1 . s
(DB18C6) Q / c a l .  A H ^ /c a l .m o l
mol dm 3
-56 .2 0  x 10 0 .1 4 3
7 .5 0  x IO" 5 0 .1 7 2
-59 .1 0  x 10 0 .2 0 5
-59 .2 0  x 10 0 .2 0
T a b le  77 E n th a lp y  o f  s o lu t io n  o f  d ib e n z o  18 crow n 6 (DB18C6) in
D im e th y ls u lp h o x id e  a t  2 9 8 .1 5  K .
2306
2293
2253
2174
A verage  V a lu e  AH° = 2256 ± 59 c a l . m o l  ©
T a b le  78 E n th a lp y  o f  s o lu t io n  o f  D ib e n z o  18 Crown 6 (DB18C6) in
A c e t o n i t r i l e  a t  2 9 8 .1 5  K .
(DB18C6) 
mol dm 3
8 .7 0  x IO" 5 
9 .4 0  x IO*"5 
9 .9 0  x 10“ 5 
1 .0 8  x 10” 4 
1 . 10  x 10"4
Q /c a l.
0 .2 1
0 .2 2
0 .2 3
0 .2 6
0 .2 7
A verage  V a lu e  Ah°  = 2388 ±
Ah / c a l . m o ls
2414 
2340 
2323 
2407 
2454
55 c a l . m o l  1 .
T a b le  79 E n th a lp y  o f  s o lu t i o n  o f  d ib e n z o  18 Crown 6 (DB18C6) in
P ro p y le n e  C a rb o n a te  a t  2 9 8 .1 5  K .
(DB18C6) Q / c a l .  AHg/ c a l . m o l
mol dm 3
-5
4 .2 0  x 10 0 .0 9 8  2333
-54 .3 0  x 10 0 .1 0 7  2488
-55 .0  x 10 0 .1 1 4  2280
5 .3 0  x 10 5 0 .1 2 4  2340
-55 .4 0  x 10 0 .1 3 1  2426
A verage  V a lu e  AH° = 2373 ± 83 c a l . m o l  s
T a b le  80 E n th a lp y  o f  s o lu t io n  o f  d ib e n z o  18 Crown 6 (DB18C6) in
N itro m e th a n e  a t  2 9 8 .1 5  K .
(DB18C6) Q / c a l .  AH / c a l . m o ls
mol dm 3
-55 .5 0  x 10 0 .1 3 3  2418
6 .0  x 10 5 0 .1 4 1  2350
-5
6 .3 0  x 10 0 .1 4 5  2301
6 .5 0  x 10" 5 0 .1 5 3  2354
6 .8 0  x i o " 5 0 .1 5 5  2279
A verage  V a lu e  Ah°  = 2340 ± 54 c a l . m o l  ©
2 1 8 .
T a b le  81 S o l u b i l i t y  o f  d ib e n z o  18 crown 6 i n  w a te r  a t  v a r i o u s  
t e m p e r a t u r e s .
T/K S o l u b i l i t y a
3
m ol/dm o f  s a t d  s o l n
2 8 8 .1 5  1 .2 2  x IO-5
2 9 8 .1 5  1 .2 3  x 10“ 5 b
3 0 8 .1 5  1 .4 1  x 10~5
318 .1 5  1 .9 0  x 10~5
AH° = -3 0 4 8  c a l  mol  ^s
a  R e f .  258 b T h i s  work
r e f e r e n c e  s o l v e n t  (f^O o r  PC) t o  o t h e r  s o l v e n t s  a t  2 9 8 .1 5  K
T a b le  82  E n t h a lp ie s  o f  t r a n s f e r  o f  d ib e n z o  18 crow n 6 fro m  a
S o l v e n t  (s)  AH®[DB18C6](H O ^ s )a AH® [DB18C6] (PC^-s)a AH®[22 2 ] (PC-*s)bt  2 t  t  B B
H_02 0 - 5 .4 2
DMF 5 .4 1 - 0.01 - 0 . 3 4
DMSO 5 .3 1 - 0.11 - 0 . 4 6
AN 5 .4 4 0.02 0 .0 6
PC 5 .4 2 0 0
NM 5 .3 9 - 0 .0 3 0.10
a bFrom v a l u e s  gxven  xn T a b l e s  76 -80  From v a l u e s  gxven  i n  T a b le  84
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T a b le  84  S o l u b i l i t y ,  s o lu t io n  f r e e  e n e rg y  and t r a n s f e r  f r e e  e n e rg y
o f  b en zo  18 crow n 6 a t  2 9 8 .1 5  K .
S o l v e n t S o l u b i l i t y
m ol/dm s a t d  s o l n
\  MeOH 2 .9
DMF 3 .0
DMSO 2 .8
PC 2 .4
AN 2.8 x 10 -1
AG°/s
k c a l  mol - 1
Ag^(PC*s)  t
k c a l  mol - 1
- 0 . 6 3 - 0 . 1 1
- 0 .6 5 - 0 . 1 3
- 0 . 6 1 - 0 . 0 9
- 0 . 5 2
0 .7 5 1 .2 4
S o l u b i l i t y  d a t a  from  T akeda  e t  a l  (R e f .  168)
5 .5  E n t h a lp ie s  and  e n t r o p ie s  o f  c o m p le x a t io n  o f  m e t a l ( I )  c a t io n s  w i t h
DB18C6 i n  a c e t o n i t r i l e  a t  2 9 8 .1 5  K
E n t h a l p i e s  o f  c o m p le x a t io n  o f  m e t a l ( I )  c a t i o n s  w i t h  DB18C6 i n  a c e t o ­
n i t r i l e  a t  2 9 8 .1 5  K a r e  r e p o r t e d  i n  T a b le  8 5 .  S in c e  s t a b i l i t y  c o n s t a n t s  
o f  m e ta l  i o n s  and  d ib e n z o  18 crow n 6 a r e  n o t  a s  h ig h  a s  t h o s e  f o r  t h e  
same m e t a l  c a t i o n s  w i t h  d i b e n z o c r y p t a n d  222 and  i n  o r d e r  t o  e n s u r e  t h a t  
t h e  Ah° v a l u e s  r e p o r t e d  a r e  t h o s e  w h ich  c o r r e s p o n d s  t o  100% c o m p le x a t io n ,  
t h e  p e r c e n t a g e s  o f  c o m p le x a t io n  (C) w ere  c a l c u l a t e d  i n  e a c h  c a s e .  T h is  
was done by u s i n g  t h e  f o l l o w i n g  e q u a t i o n .
L +  M + ^ ±  (M -  L  ) 2 +  7  (2 M +  2 L  +  ©  o o K o o  K o o I CC = ---------------------------------------------------------------------------------------  (5 .2 )
I n  t h i s  e q u a t i o n ,  M and  L a r e  t h e  i n i t i a l  c o n c e n t r a t i o n s  o f  t h e  e l e c t r o -o o
*j- ■» -3
l y t e  (M C1CJ ) and  t h a t  o f  d ib e n z o  18 crow n 6, [DB18C6] i n  mol dm ,
r e s p e c t i v e l y .  The Kg v a l u e s  u s e d  f o r  t h e s e  c a l c u l a t i o n s  a r e  t h o s e  g iv e n
i n  T a b le  73 . P e r c e n t a g e s  o f  c o m p le x a t io n  a r e  g iv e n  i n  T a b le  85 .
S t a n d a r d  e n t h a l p i e s  o f  c o m p le x a t io n  a r e  o b t a i n e d  from  t h e  a v e r a g e  o f  
AHc v a l u e s  g iv e n  i n  t h e  t a b l e  f o r  e a c h  c a t i o n .
The Ah° v a l u e s  r e p o r t e d  i n  T a b le  85 a r e  r e g a r d e d  a s  t e n t a t i v e  v a l u e s  
s i n c e  t h e s e  a r e  t h e  r e s u l t  o f  a  few m e a s u r e m e n ts .  I t  m u s t  a l s o  be  
e m p h a s iz e d  t h a t  many e x p e r i m e n t a l  d i f f i c u l t i e s  w ere  fo u n d  i n  t h e  d e t e r ­
m i n a t i o n  o f  e n t h a l p i e s  o f  c o m p le x a t io n  o f  m e ta l  c a t i o n s  w i t h  t h i s  l i g a n d .  
T h ese  c o u ld  b e  a t t r i b u t e d  t o  t h e  s m a l l  h e a t s  i n v o l v e d  i n  t h e s e  r e a c t i o n s .  
The Ah° v a l u e  g iv e n  f o r  sod ium  and  d ib e n z o  18 crown 6 i n  a c e t o n i t r i l e  i s  
i n  good a g re e m e n t  w i t h  t h e  l i t e r a t u r e  v a l u e  ( s e e  T a b le  9 ,  c h a p t e r  2 ) ,
a l t h o u g h  t h e  v a l u e  g i v e n  i n  t h e  l i t e r a t u r e  i s  t h e  r e s u l t  o f  l o g  K v a l u e ss
d e t e r m in e d  a t  v a r i o u s  t e m p e r a t u r e s .
Not much c o r r e l a t i o n  i s  fo u n d  b e tw e e n  t h e  AH° v a l u e s  o b t a i n e dc
w i t h  t h i s  l i g a n d  and  t h e  AG° v a l u e s  d e r i v e d  from  s t a b i l i t y  c o n s t a n t  
d a t a .  I t  i s  q u i t e  c l e a r  t h a t  t o  draw  any  d e f i n i t i v e  c o n c l u s i o n  
r e g a r d i n g  e n t h a l p i e s  o f  c o m p le x a t io n  o f  m e ta l  c a t i o n s  w i t h  d ib e n z o  18 
crown 6 i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s ,  more e x p e r i m e n t a l  d a t a  a r e  
r e q u i r e d .
E n t r o p i e s  o f  co m p le x in g  f o r  t h e s e  c a t i o n s  and  d ib e n z o  18 crown 6 
a r e  r e p o r t e d  i n  T a b le  86. U n l ik e  d i b e n z o c r y p t a n d  222 , e n t r o p i e s  o f
co m p lex in g  a r e  p o s i t i v e .  E n t r o p i e s  f o r  t h e  p r o c e s s  d e s c r i b e d  by e q n .
4 .9  a r e  c a l c u l a t e d .  D e t a i l s  a r e  a l s o  i n c l u d e d  i n  T a b le  86. No 
c o n s t a n t  v a l u e s  a r e  o b t a i n e d  w h ich  l e a d  t o  t h e  c o n c l u s i o n  t h a t  t h e  
b e h a v io u r  o f  crown e t h e r s  i s  d i f f e r e n t  t o  t h a t  o f  c r y p t a n d s  i n  t h e i r  
c o m p le x a t io n  r e a c t i o n  w i t h  u n i v a l e n t  c a t i o n s .
2 2 4 .
-1
18 crown 6 i n  a c e t o n i t r i l e  a t  2 9 8 .1 5  K i n  c a l  mol
T a b le  85 E n t h a lp ie s  o f  c o m p le x a t io n  o f  u n iv a le n t  c a t io n s  w i t h  d ib e n z o
C a t i o n DB18C6 
mol dm 3
MCIO . 4 % Com plexa­
t i o n
AHc ahc
(100% com- 
p l e x a t i o )
• ~b L x 0 .1 4  x 10-2 0 .2 3  x i o " 1 9 5 .4 -1261 -1322
0.12 x 10~2 0 .3 5  x 10_1 9 7 .1 -1 2 6 2 -1299
0 .1 8  x 10"2 0 .4 6  x 10_1 9 7 .8 -1 3 2 2 -1352
AH° = -1 3 2 4  ± 27 c
+Na 0 .2 4 X i o " 2 0 .5 9 X i o " 1 100 -3 6 0 9 -3609
0 .1 4 X i o ' 2 0 .7 6 X i o " 1 100 -3455 -3455
0 .1 6 X i-* o
1 to 0 . 8 4 X io -1 100 -3 4 8 1 -3481
AH° = -3 5 1 5  ± 82 c
K+ 0 .1 5 X i o " 2 0 .8 0 X i o ~2 9 9 .8 -4 1 9 7 -4205
0 .1 3 X i o ” 2 0 .3 2 X i o ' 2 9 9 .2 -4 0 1 2 -4 0 4 4
0 .1 9 X i o “ 2 0 .5 2 X i o ~2 9 9 .5 -4 0 0 1 -4021
AH° = -4 0 9 0  ± 100 c
Rb+ 0.11 X 10 2 0.22 X M O
1 to 86.2 -3 3 4 3 -3 8 7 8
0.1 1 X i o -2 0 .2 8 X io ” 2 8 9 .9 -3 4 9 3 -3885
0 .9 4 X i o ' 3 0 .3 0 X i o " 2 9 1 .3 -3 3 9 7 -3 7 2 0
AH° = -3 8 2 8  ± 93 c
Cs+ 0.10 X i o " 2 0 .7 2 X
CN1orH 9 6 .0 -1 2 8 4 -1 3 3 4
0 .1 3 X i o " 2 0 .9 6 X
CM1O<H 9 7 .0 -1 1 8 4 -1220
0.20 X i o ~2 0 .4 3 X 10 2 9 0 .6 -1 2 5 6 -1386
AH° = -1 3 1 3  ± 85 c
T a b le  86  E n t r o p ie s  o f  c o m p le x a t io n  o f  u n iv a le n t  c a t io n s  w i t h
d ib e n z o  18 crow n 6 in  a c e t o n i t r i l e  a t  2 9 8 .1 5  K .
a  _ i  b
C a t i o n  A G ^ /k ca l  mol A H ° /k c a l  mol A S ^ /ca lK  mol
L i*  - 4 . 0 8  - 1 . 3 2  9 .3
Na* - 6 . 8 3  - 3 . 5 1  1 1 .3
K* - 6 . 5 8  - 4 . 0 2  8.6
Rb* - 5 . 0 5  - 3 . 8 3  4 .1
Cs* - 4 . 9 0  - 1 . 3 1  1 2 .0
a Ag°  v a l u e s  from  T a b le  74 c
b AH° v a l u e s  from  T a b le  85 c
c , , 0 . 0From As „ and  As „ As , f o r  t h e  a l k a l i - m e t a l  c a t i o n s  m  s o l v  c s o l v
a c e t o n i t r i l e  a r e  t h o s e  g i v e n  i n  T a b le
6 . 1  E n t h a l p i e s  o f  s o l u t i o n  o f  18 crow n jj i n  w a t e r  a t  d i f f e r e n t  
t e m p e r a t u r e s
E n t h a l p i e s  o f  s o l u t i o n  o f  18 crown 6 i n  w a te r  a t  t h r e e  d i f f e r e n t  
t e m p e r a t u r e s  ( 2 8 8 .1 5 ,  2 9 8 .1 5  and  3 0 5 .1 5  K) a r e  r e p o r t e d  i n  T a b le s  87,
-388 and  8 9 .  The c o n c e n t r a t i o n  r a n g e  u s e d  was from  3 x 10 t o  2 .2  x 
. - 2  -3
10 mol dm At a  g i v e n  t e m p e r a t u r e ,  a t  l e a s t  s i x  m easu rem en ts
w ere  c a r r i e d  o u t .  No s i g n i f i c a n t  v a r i a t i o n  i n  AH^ was fo u n d  o v e r  t h e  
c o n c e n t r a t i o n  r a n g e  u s e d  ( s e e  F i g .  2 2 ) .  The d i s s o l u t i o n  o f  18 crown 
6 i n  w a te r  i s  v e r y  f a s t .  T h e re  i s  an  i n c r e a s e  i n  t h e  e x o th e r m ic  
c h a r a c t e r  o f  t h e  r e a c t i o n  w i t h  an  i n c r e a s e  i n  t e m p e r a t u r e .  H ea t  
c a p a c i t i e s  a t  c o n s t a n t  p r e s s u r e ,  ACp w ere  c a l c u l a t e d  u s i n g  t h e  r e l a t i o n ­
s h i p
ACp = A(AH°)/At (6 .1 )
and  t h e  v a l u e s  a r e  l i s t e d  i n  T a b le  90 .
T a b le  87  E n t h a lp ie s  o f  s o lu t i o n  o f  18 Crown 6 i n  w a te r  a t  2 8 8 .1 5  IC.
[18C6] Q / c a l .  AH c a l . m o ls
m ol.dm  3
1 .3 3 X i o -3 8.22 -6180
2 .1 8 X i o -3 1 3 .4 0 -6147
9 .2 0 X i o -4 5 .6 5 -6141
2.21 X i o -3 1 3 .5 2 -6 1 1 8
6 .5 0 X 10-4 3 .4 8 -6123
6 .4 6 X i o " 4 3 .9 8 -6161
1 .7 5 X i o " 3 1 0 .7 2 -6125
2 .0 3 X i o ’ 3 1 2 .5 1 -6162
7 .1 4 X i o " 4 4 .4 0 -6162
A verage  v a l u e  AH = -6 1 4 6  ± 21 c a l . m o l  1 s
T a b le  88  E n t h a lp ie s  o f  s o lu t i o n  o f  18 Crown 6 in  w a te r  a t  2 9 8 .1 5  K .
[18C6] Q / c a l .  AH^ c a l . m o l
mol dm 3
7 .9 7 X 10 4 4 .0 7 -5106
1 .2 0 X i o - 3 6 .1 6 -5133
1 .0 X i o " 3 5 .1 2 -5120
1 .1 7 X i o -3 6 .0 0 -5 1 2 8
1 .1 1 X i o ” 3 5 .6 8 -5117
1 .1 0 X i o " 3 5 .6 5 -5136
1 .1 0 X i o -3 5 .6 3 -5118
1 .4 6 X i o " 3 7 .5 4 -5 1 6 4
1 .5 6 X i o “ 3 8 .1 1 -5 1 9 8
1 .1 7 X i o - 3 6 .0 4 -5162
A verage  V a lu e  Ah = - 5 , 1 3 8  ± 28 c a l  mol 1 s
T a b le  89  E n t h a lp ie s  o f  s o lu t i o n  o f  18 Crown 6 in  w a te r  a t  3 0 5 .1 5  K .
[18C6] Q / c a l .  A H ^ /c a l .m o l
mol dm 3
2 .0  x IO” 3 8 .8 4 -4420
1 .7 0  x 10" 3 6 .2 4 -4457
1 .2 4  x 10" 3 5 .5 2 -4452
9 .8 0  x i o "4 4 .3 5 -4438
8 .7 0  x 10"4 3 .8 7 -4448
3 .3 0  x 10" 4 1 .4 5 -4 3 9 4
A v erag e  v a l u e  AH® = -4 4 3 5  + 24 c a l . m o l  ^
2 3 0 .
T a b le  90 V a lu e s  o f  i n c r e a s e  i n  m o la r  h e a t  c a p a c i t y  (ACp) o f  s o l u t i o n  
o f  18 crown 6 i n  w a t e r .
T/K -A C p /k c a l . K_1mol 1
2 8 8 .1 5  -  2 9 8 .1 5  1 0 .2 0
2 9 8 .1 5  -  3 0 5 .1 5  1 0 .1 3
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6 . 2  SYNTHESIS OF CRYPTAND 222 REFS. 6 , 7 , 8 , 5 2
P r e p a r a t i o n  o f  E t h y l e n e  G ly c o l  1 r 2 - d i (2 -B ro m o e th y l )  E t h e r
E t h y l e n e  g l y c o l  1 , 2 - d i ( 2 - h y d r o x y e t h y l )  e t h e r  was p l a c e d  i n  a  500 
ml t h r e e  n e c k e d  ro u n d  b o t to m e d  f l a s k  f i t t e d  w i t h  a m e c h a n ic a l  s t i r r e r ,  
a  th e rm o m e te r  and  a  d r o p p in g  f u n n e l .  The e t h y l e n e  g l y c o l  1 , 2 - d i -  
(2 - h y d r o x y e t h y l )  e t h e r  was t h e n  c o o l e d  t o  -5°C  by im m ers in g  t h e  f l a s k  
i n  a  l a r g e  c a p a c i t y  b a t h  c o n t a i n i n g  i c e / s a l t  m ix tu r e  " t h e  r e a c t i o n  i s  
v e r y  e x o t h e r m ic " .  The f l a s k  c o n t a i n i n g  P B r.j was c a u t i o u s l y  b ro k e n  
open  i n  a  fume c u p b o a rd  and  32 ml was p l a c e d  i n  a d r o p p in g  f u n n e l  and  
t h e n  ad d ed  v e r y  s lo w ly  t o  t h e  c o o le d  e t h y l e n e  g l y c o l  1 , 2- d i (2-h y d ro x y  
e t h y l )  e t h e r ,  one d ro p  a t  a  t i m e ,  k e e p in g  t h e  t e m p e r a t u r e  o f  r e a c t i o n  
m i x tu r e  b e tw e e n  12 t o  1 6 °C. The s t i r r e r  was k e p t  by r o t a t i o n  a t  a 
v e r y  h i g h  s p e e d .  A f t e r  t h e  a d d i t i o n  was c o m p le te d  t h e  i c e  b a t h  and  
t h e  s t i r r i n g  c o n t i n u e d  u n t i l  t h e  m i x tu r e  h ad  r e a c h e d  room t e m p e r a t u r e  
and  i t  was t h e n  a l lo w e d  t o  s t a n d  o v e r n i g h t .  The m ix tu r e  was t h e n  
t r a n s f e r r e d  t o  vacuum d i s t i l l a t i o n .  H e a t in g  was t h e n  commenced and 
v a r i o u s  s m a l l  f r a c t i o n s  o f  l i q u i d  w ere  d i s t i l l e d .  The m ain  b u l k  o f  
t h e  d i s t i l l a t e  came o v e r  a t  b e tw e e n  9 5 ° -  1 0 0 °C a t 0 .5  mm Hg.
ch2-ch2n ch2- ch2w ch2- ch2 +2PB,3
O H  0  o  5 h
ETHYLENE GLYCOL 1 , 2 - 0 1 ( 2  HYDROXYETHYL)ETHER + PHOSPHORUS TRIBROMIDE
3 /CH2<:H2 CH2CH2 +2P(OH)3
B r  6s8r
ETHYLENE GLYCOL 1 , 2 - D i (2-BROMOETHYL)ETHER + PHOSPHORUS TRIHYDROXIDE
P r e p a r a t i o n  o f  P o ta s s iu m  P h t h a l i m i d e
P h t h a l i m i d e (40 g j w i t h  a b s o l u t e  a l c o h o l  (500 m l)a n d  d i o x a n  (300 ml) 
w ere  p l a c e d  i n  a  1  l i t r e  ro u n d  b o t to m e d  s i n g l e  n ec k ed  f l a s k  f i t t e d  
w i t h  a  r e f l u x  c o n d e n s e r .  The m i x tu r e  was r e f l u x e d  f o r  1 h o u r  u n t i l  
t h e  p h t h a l i m i d e  was d i s s o l v e d .  The h o t  s o l u t i o n  was t h e n  d e c a n t e d  
from  t h e  r e m a in in g  s o l i d  i n t o  a  f r e s h l y  p r e p a r e d  s o l u t i o n  o f  KOH 
(16 g) d i s s o l v e d  i n  50 ml o f  e t h a n o l .  The y e l lo w  p o t a s s i u m  p h t h a l i m i d e  
was p r e c i p i t a t e d  i m m e d ia t e ly .  The m i x tu r e  was s t i r r e d  f o r  30 m in u te s  
and  t h e n  c o o l e d  and  t h e  p r e c i p i t a t e  was t h e n  f i l t e r e d  o f f  t h r o u g h  a 
Buchner f u n n e l .  The c r y s t a l s  w ere  w ashed  w i th  100 ml o f  a c e t o n e  t o  
d i s s o l v e  any  u n r e a c t e d  p h t h a l i m i d e .  The p r o d u c t  was d r i e d  i n  vacuum 
f o r  two d a y s .
PHTHALIMIDE + POTASSIUM POTASSIUM PHTHALIMIDE
HYDROXIDE
P r e p a r a t io n  o f  E th y le n e  G ly c o l  l #2 - d i - ( 2  P h t h a l im id o e th y 1 ) E th e r
P o ta s s iu m  p a t h a l i m i d e  (34 g ) , e t h y l e n e  g l y c o l  1 ,2  d i ( 2 - b r o m o e t h y l )  
e t h e r  (2 2 .5  g) and  N ,N -d im e th y lfo rm a m id e  (124 ml) a s  s o l v e n t  w ere  p l a c e d  
i n  a  t h r e e  n ec k e d  1 l i t r e  ro u n d  b o t to m e d  f l a s k  e q u ip p e d  w i t h  a  r e f l u x  
c o n d e n s e r ,  a  m e c h a n ic a l  s t i r r e r  and  a  th e rm o m e te r .  The m i x tu r e  was 
s t i r r e d  f o r  7 h o u r s  a t  1 0 0 °C. T hen ,  t h e  c o n t e n t s  o f  t h e  f l a s k  w ere 
t r a n s f e r r e d  ( w h i l s t  s t i l l  h o t )  t o  a  l i t r e  b e a k e r  c o n t a i n i n g  an  i c e /  
w a te r  m i x tu r e  (300 ml) and N a ^ O ^  (1 2 .5  g) . A w h i t e  s o l i d  was 
p r e c i p i t a t e d .  A f t e r  s t i r r i n g  f o r  30 m in u te s  i t  was f i l t e r e d  o f f  a t  
t h e  pump, washed  w i t h  w a t e r : a c e t o n e  ( 2 : 1 ) .  The p r o d u c t  was d r i e d  i n  
vacuum f o r  two d a y s .
0
ETHYLENE GLYCOL 1 ,2  D i(2  BROMOETHYL) KTIIER POTASSIUM PHTHALIMIDE
+ 2KBr
POTASSIUM
BROMIDE
HNC>2 (14 ) was p l a c e d  i n  a  500 ml c o n i c a l  f l a s k  w i t h  a  l a r g e  n eck  
and  h e a t e d  on a  h o t  p l a t e  a t  4 5 °C. E t h y l e n e  g l y c o l  1 ,2  d i  (2 h y d ro x y  
e t h y l )  e t h e r  (4 g) was t h e n  a d d e d ,  t h e  m i x tu r e  b e i n g  c o n t i n u o u s l y  
s t i r r e d  t h r o u g h o u t  t h e  e n t i r e  r e a c t i o n .  The m ix tu r e  was t h e n  h e a t e d  
t o  7 0 °C. A t t h i s  t e m p e r a t u r e  t h e  s o l u t i o n  s t a r t e d  t o  c o l o u r i s e  and 
n i t r o u s  g a s e s  w ere  g i v e n  o f f  more and  more c o p i o u s l y .  I t  was
n e c e s s a r y  t o  c o o l  t h e  r e a c t i o n  v e s s e l  i n  an  i c e  b a t h .  The r e a c t i o n
t e m p e r a t u r e  was a l lo w e d  t o  s t a b i l i s e  a t  4 5 °-50°C  w i t h  no e x t r a  h e a t i n g  
b e i n g  r e q u i r e d .  The e t h y l e n e  g l y c o l  1 ,2  d i ~ ( 2  h y d r o x y e th y l )  e t h e r  
(16 g) was t h e n  ad d ed  by d ro p  o v e r  a  p e r i o d  o f  two h o u r s .  The 
r e a c t i o n  was k e p t  a t  4 5 °C, a f t e r  t h e n  t h e  m ix tu r e  was l e f t  f o r  an  h o u r  
and  t h e n  f o r  30 m in u te s  a t  8 0 °C. A f t e r  c o o l i n g ,  t h e  m i x tu r e  was 
t r a n s f e r r e d  t o  a  250 ml ro u n d  b o t to m e d  f l a s k  and e v a p o r a t e d  a t  90°C 
u s i n g  t h e  r o t a t o r y  e v a p o r a t i n g  a p p a r a t u s .  An o i l  was o b t a i n e d .
P r e p a r a t io n  o f  E t h y le n e d io x y d ia c e t ic  A c id
ETHYLENE GLYCOL 1 ,2  D i(2  HYDROXYETHYL)ETHER
ETHYLENEDIOXYDIACETIC ACID
O x a l i c  a c i d  (100 g) and  t o l u e n e  (250 ml) w ere  p l a c e d  i n  a l i t r e  
ro u n d  b o t to m e d  f l a s k  f i t t e d  w i t h  a  S o x h le t  e x t r a c t i o n  a p p a r a t u s ,  a 
m a g n e t i c  s t i r r e r ,  and  a  r e f l u x i n g  c o n d e n s e r .  T hen , t h e  m i x tu r e  was 
r e f l u x e d  u n t i l  no more w a te r  came i n  o v e r  t h e  c o l l e c t i o n  v e s s e l .  The 
o x a l i c  a c i d  was t h e n  f i l t e r e d  o f f  and  d r i e d  f o r  t h r e e  d a y s  i n  a 
vacuum d e s i c c a t o r  a t  4 0 °C.
P r e p a r a t io n  o f  A nh yd ro us  O x a l ic  A c id
P r e p a r a t i o n  o f  O x a ly l  C h l o r i d e
A nhydrous  C2 °4H2 was f i n e lY g ro u n d  i n  a  p e s t l e  and  m o r t a r
a n d ,  l i k e w i s e ,  PCl^ (25 g) was p o w d e red .  A l l  w e ig h in g s  w ere  done i n  
t h e  fume c u p b o a rd .  C2 °4 H2 WaS s -[ow lY ad d e d  t o  t h e  m i x tu r e  c o n t a i n e d  
i n  a  100 ml ro u n d  b o t to m e d  f l a s k  w h ich  was im m ersed i n  an  i c e  b a t h .  
A f t e r  t h e  a d d i t i o n  was c o m p le te  t h e  i c e  b a t h  was rem oved and  t h e  
r e a c t i o n  v e s s e l  was a l l o w e d  t o  s t a n d  f o r  4 d a y s .  I t  was s t o p p e r e d  
w i t h  a  C aC l2 t u b e  u n t i l  c o m p le te  l i q u e f a c t i o n .  The f l a s k  was t h e n  
e q u ip p e d  w i t h  a  d i s t i l l a t i o n  a p p a r a t u s  and  t h e  c o n t e n t s  o f  t h e  v e s s e l  
f r a c t i o n a l l y  d i s t i l l e d  t h e  f r a c t i o n  t h a t  came o v e r .  The p r o d u c t  was 
d i s t i l l e d  when t h e  th e rm o m e te r  r e a d i n g  was a t  6 5 ° -7 0 ° C .
O x a l i c  A c id  (w et) O x a l i c  A c id  (d ry )
C2°4H2 + 2PCL5—^ C202CL2 + 2POH)5
O x a l i c  A c id P h o s p h o ru s  O x a ly l  
P e n t a c h l o r i d e  C h l o r i d e
P h o sp h o ru s
P e n t a h y d r o x i d e
P r e p a r a t i o n  o f  E t h y l e n e d i o x y d i a c e t i c  A c id  C h l o r i d e
E t h y l e n e d i o x y d i a c e t i c  a c i d  and  o x a l y l  c h l o r i d e  d r i e d  w ere ad d ed  
t o  a n h y d ro u s  ■ CgH6 £25 ml) c o n t a i n i n g  one d ro p  o f  p y r i d i n e .  All the compounds 
were placed i n  a 100 ml ro u n d  b o t to m e d  f l a s k  w hi^h  was t h e n  s t o p p e r e d  
w i t h  a C aC l2 t u b e .  T h i s  was s t i r r e d  f o r  two d a y s ,  a f t e r  w hich  t h e  
r e a c t i o n  m i x tu r e  was f i l t e r e d  and  t h e n  e v a p o r a t e d  on a r o t a t o r y  
e v a p o r a t i n g  f l a s k .  The e v a p o r a t i o n  was c a r r i e d  o u t  t h r e e  t im e s  
w i t h  a n h y d ro u s  b e n z e n e .  The p r o d u c t ,  a  y e l lo w  o i l ,  was im m ersed  i n  
a  s o l i d  c a rb o n  d i o x i d e / a c e t o n e  c o o l a n t  w here  i t  c r y s t a l l i s e d  a f t e r  
30 s e c o n d s .
An a t t e m p t  t o  r e c r y s t a l l i s e  t h e  p r o d u c t  b e tw e e n  t h e  f r e e z i n g  
p o i n t  an d  room te j r m p e r a tu r e  w i t h  a  m i x tu r e  o f  e t h e r  and  p e t r o l e u m  
e t h e r ,  was m et w i t h  o n l y  p a r t i a l  s u c c e s s .
E t h y l e n e d i o x y d i a c e t i c  A c id O x acy l  C h l o r i d e
E t h y l e n e d i o x y d i a c e t i c  A c id  O x a l i c
C h l o r i d e  A c id
2 3 8 .
P r e p a r a t i o n  o f  T r i e t h y l e n e g l y c o l  B i s t o s y l a t e
T o lu e n o - p - s u lp h o n y l  c h l o r i d e  (126 g) was added  p o r t i o n w i s e  o v e r  a 
p e r i o d  o f  30 m in u te s  t o  a s o l u t i o n  o f  t r i e t h y l e n e  g l y c o l  (50 g) i n  d ry  
p y r i d i n e  (250 m l ) . The m i x tu r e  was c o o l e d  t o  -5°C  i n  a s a l t - i c e  b a t h .  
The t e m p e r a t u r e  o f  t h e  r e a c t i o n  m i x tu r e  was k e p t  be low  -5°C  d u r i n g  t h e  
a d d i t i o n . A f t e r  s t i r r i n g  f o r  a  f u r t h e r  two h o u r s  t h e  r e a c t i o n  m ix tu r e  was 
f i l t e r e d  t o  remove t h e  p r e c i p i t a t e  ( p y r id i n i u m  c h l o r i d e )  and  t h e  
f i l t r a t e  was p o u re d  i n t o  c r u s h e d  i c e  (400 g ) . C o n c e n t r a t e d  h y d ro ­
c h l o r i c  a c i d  was ad d ed  t o  n e u t r a l i s e  t h e  p y r i d i n e  and  t h e  w h i t e  p r e c i p i ­
t a t e  was f i l t e r e d  o f f  u n d e r  s u c t i o n  and  w ashed  w i th  w a te r  f i v e  t im e s  
w i t h  (400 ml) e a c h  t im e  and  i c e - c o l d  e t h a n o l  (50 m l ) .
The c r u d e  p r o d u c t  o b t a i n e d  was e x t r a c t e d  f o u r  t i m e s  w i t h  w a t e r -  
c h l o r o f o r m  and  t h e n  d r i e d  o v e r  n i g h t  w i t h  Na2SC>4 a n h y d r o u s .  The 
l i q u i d  was e v a p o r a t e d  u s i n g  t h e  r o t a t o r y  e v a p o r a t i n g  a p p a r a t u s .  P u re  
t r i e t h y l e n e g l y c o l  b i s t o s y l a t e  a s  an  o i l  was o b t a i n e d .
H O H 4 C2 C2 H4 -O -C 2  H /P H  H jC < ^ J s 0 2 C L  — >
T o lu e n o - p - S u lp h o n y l  C h l o r i d e  P y r i d i n iu m  C h l o r i d e
h3c<O >502"°“  h4"c2-O-C2H4-O-C2H"O-SO2<0>CH3 + HCl
6 .3  SYNTHESIS OF DIBENZO 30 CROWN 10
T r i e t h y l e n e g l y c o l  B i s t o s y l a t e
Sodium ( 7 .0  g) was d i s s o l v e d  v e r y  s lo w ly  i n  d ry  m e th a n o l  (110 ml) 
T h i s  o p e r a t i o n  was c o m p le te d  i n  a b o u t  70 m i n u te s .  The m e t h a n o l i c  
s o l u t i o n  o f  sod ium  m e th o x id e  was ad d ed  (under  n i t r o g e n  w i t h  s t i r r i n g j  t o  
a s o l u t i o n  o f  c a t h e c o l  i n  m e th a n o l  (3 3 g /7 5  m l ) . A f t e r  a l l o w i n g  t h e  
m i x tu r e  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  15 m i n u te s ,  b e n z y l  c h l o r i d e  
(3 4 .5  ml) i n  d ry  m e th a n o l  (75 ml) was ad d e d  d ro p w is e  d u r i n g  90 m in u te s  
The r e a c t i o n  m i x tu r e  was a c i d i f i e d  w i t h  (HC1 c o n c . )  and  f i l t e r e d  t o  
remove sod ium  c h l o r i d e .  The c o n c e n t r a t e d  m ix tu r e  was a  r e s i d u a l  o i l  
a f t e r  p a r t i t i o n i n g  b e tw e e n  w a te r  and  c h l o r o f o r m .  The c r u d e  p r o d u c t  
was d i s t i l l e d  u n d e r  vacuum (0 .0 5  mm Hg) t o  g iv e  O -b e n z y lp h e n o l .
P r e p a r a t io n  o f  O -B e n z y lo x y p h e n o l
f Y 0 H + ^ C H C L  --- > f Y 0 C H 2>=x
C a t h e c o l  B e n z y l  O -B e n z y l -P h e n o l
C h l o r i d e
P r e p a r a t i o n  o f  1 , 8 -B is - ( O - B e n z y lo x y p h e n o x y ) - 3 , 6 ,  D io x o o c ta n e
O - b e n z y lo x y p h e n o l  (1 0 .2  g) d i s s o l v e d  i n  d ry  t e t r a h y d r o f u r a n  (40 
ml) was ad d ed  a t  room t e m p e r a t u r e  (u n d e r  n i t r o g e n )  t o  a  s t i r r e d  
s u s p e n s i o n  o f  sod ium  h y d r i d e  ( 1 .8  g) i n  d r y  t e t r a h y d r o f u r a n  (30 m l ) .  
A f t e r  s t i r r i n g  t h e  m i x tu r e  a t  4 5 °C f o r  60 m i n u te s ,  t e t r a e t h y l e n e g l y c o l  
b i s t o s y l a t e  (12 . 1  g) i n  d ry  t e t r a h y d r o f u r a n  (100 ml) was ad d e d  d u r i n g
2 4 0 .
90 m i n u te s .  The r e a c t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  16 h o u r s ,  c o o le d  
q u en c h ed  w i t h  w a t e r ,  and  e x t r a c t e d  f o u r  t i m e s  w i t h  c h l o r o f o r m ,  t h e n  
d r i e d  w i th  (Na2S04 A nh.) o v e r n i g h t .  I t  was t h e n  e v a p o r a t e d  w i t h  t h e  
r o t a t o r y  e v a p o r a t i n g  a p p a r a t u s .  An o i l  was o b t a i n e d .
P r e p a r a t i o n  o f  1 , 8 -B is - (O - B e n z y lo x y p h e n o x y ) - 3 , 6 , D io x o o c ta n e
O -B e n zy lo x y p h en o l  (1 0 .2  g) d i s s o l v e d  i n  d ry  t e t r a h y d r o f u r a n  (40 ml) 
was ad d e d  a t  room t e m p e r a t u r e  (u n d e r  n i t r o g e n )  t o  a  s t i r r e d  s u s p e n s i o n  
o f  sod ium  h y d r i d e  ( 1 .8  g) i n  d ry  t e t r a h y d r o f u r a n  (30 m l ) . A f t e r  
s t i r r i n g  t h e  m ix tu r e '  a t  4 5 °C f o r  60 m i n u t e s ,  t e t r a e t h y l e n e g l y c o l  
b i s t o s y l a t e  (12 . 1  g) i n  d r y  t e t r a h y d r o f u r a n  (100 ml) was ad d ed  d u r i n g  
90 m i n u te s .  The r e a c t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  16 h o u r s ,  c o o le d  
q u e n c h e d  w i t h  w a t e r ,  and  e x t r a c t e d  f o u r  t i m e s  w i t h  c h l o r o f o r m  t h e n  
d r i e d  w i t h  (Na2S04 ) o v e r n i g h t .  I t  was t h e n  e v a p o r a t e d  w i t h  t h e  
r o t a t o r y  e v a p o r a t i n g  a p p a r a t u s .  An o i l  was o b t a i n e d .
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Tetraethyleneglycol Bistosylate
O -B e n zy lo x y p h en o l
1 , 1 1 ,  B is - (O -B e n z y lo x y p h e n o x y ) - 3 , 6 , 9  t r i o x a u n d e c a n e
X)CH2 CH2Uv
© H 4C2 - 0 -C2 H4 O-C2  H4-cr
° ' Q
1 , 1 1 , B i s - (O -B e n z y lo x y p h e n o x y ) - 3 , 6 , 9  t r i o x a u n d e c a n e
✓ O HI  HO
'-h4c2- o-c2h4o c 2h4-o
1 , 1 1 -B is - (O -H y d ro x y p h e n o x y ) - 3 , 6 , 9  T r io x a u n d e c a n e
P r e p a r a t i o n  o f  1 , 8 -B is - (O -H y d ro x y p h e n o x y ) - 3 , 6 , D io x o o c ta n e
1 , 1 1 , B is - (O -B e n z y lo x y p h e n o x y ) - 3 , 6 , 9  T r io x a u n d e c a n e  ( 7 .8  g) was 
d i s s o l v e d  i n  m e th a n o l  (100 ml) and  s u b j e c t e d  t o  h y d r o g e n a t i o n  o v e r  10% 
p a l l a d i u m  on c a rb o n  (500 m g). The p r o d u c t ,  1 , 1 1 -B is (O -h y d ro x y p h e n o x y ) -
3 , 6 , 9  t r i o x a u n d e c a n e  was em ployed  i n  t h e  f o l l o w i n g  c y c l i s a t i o n  s t e p .
THF
1 , 1 1 -B is - (O -H y d ro x y p h e n o x y ) - 3 , 6 , 9  T r io x a u n d e c a n e
H 3 c O  s o 2- o -  h4- c2-o-  c2 h4- o - c2 h-o-so2{ J ch3
T r i e t h y l e n e g l y c o l  B i s t o s y l a t e
2 4 2 .
1 ,1 1 - B is - ( O - h y d r o x y p h e n o x y ) - 3 , 6 , 9  t r i o x a u n d e c a n e  ( 4 .8  g) and  
t e t r a e t h y l e n e g l y c o l  b i s t o s y l a t e  (6.8 g) w ere  s t i r r e d  i n  d ry  t e t r a ­
h y d r o f u r a n  (200 ml) u n d e r  n i t r o g e n  a t  room t e m p e r a t u r e  f o r  60 m in u te s  
and  t h e n  f o r  a  f u r t h e r  16 h o u r s  a t  4 5 °C. A s t a n d a r d  work up
p r o c e d u r e  i n v o l v i n g  p a r t i t i o n i n g  b e tw e e n  a  c h lo r o f o r m  an d  an  aq u eo u s  
p h a s e  a f f o r d e d  and  t h e n  d r i e d  o v e r n i g h t  w i th  (N a^O ^  A nh.)  The l i q u i d  
was e v a p o r a t e d  u s i n g  t h e  r o t a t o r y  e v a p o r a t i n g  a p p a r a t u s .  The p r o d u c t  
was s t i r r e d  f o r  20 m in u te s  i n  e t h a n o l  u n t i l  t h e  s o l u t i o n  ch a n g ed  t o  
w h i t e  c o l o u r .  A w h i t e  p r e c i p i t a t e  was f i l t e r e d  and  w ashed  w i th  
m e th a n o l .  The s o l i d  p r o d u c t  was d ib e n z o  30 crown 10.
P r e p a r a t io n  o f  D ib e n z o  30 C row n 10
D ib en z o  30 crow n 10
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